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Preface 


The last decades have seen an increase in research activities in the evaluation 
of organic chemicals that may pollute the aquatic environment and our drinking 
waters. While the majority of existing research has focused on identification 
and quantification of individual chemicals by chemical analysis techniques, 
effect-based methods have emerged in recent years to complement exposure- 
based measures of chemical contamination that are obtained by chemical 
analysis. These new effect-based methods include in vitro bioassays, and there 
are an ever-increasing number of bioanalytical tools that hold great promise for 
applications to water quality assessment. 

The objective of this book is to summarise the scientific background underlying 
the application of bioanalytical tools in water quality assessment for both a specialist 
and non-specialist audience and to review the state-of-the-science. There is a focus 
on drinking water, but other water sources such as surface waters (both freshwater 
and marine), water from the urban water cycle (including wastewater and sewage), 
industrial effluents and storm water that may be available for beneficial reuse 
are also included, and we touch on applications of bioanalytical tools in other 
areas of research and monitoring. 

Chapter 1 gives a general overview of the field and provides some background 
information on the type of chemicals that we are dealing with. The focus is on 
organic chemicals, such as pesticides, pharmaceuticals, personal care products, 
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consumer products and industrial chemicals, as well as their transformation products 
in the environment and in engineered systems. 

Chapter 2 provides an introduction to risk assessment and international 
regulations of chemicals. 

Chapter 3 introduces standards and guideline values defined for various types of 
water which are presented in a risk-based context. Applications of whole effluent 
toxicity (WET) assessment, also termed direct toxicity assessment (DTA), are 
also discussed. 

The following chapters provide the scientific basis for bioanalytical tools. 
Chapter 4 takes the reader to a cellular mechanistic level, introducing mode of 
action classification and toxicity pathways that are crucial for the design and 
application of bioanalytical tools. These cellular-level effects are the common 
root for effects on human health and ecosystems. Chapter 5 summarises the 
potential human health effects from chemical exposure that are triggered by 
cellular-level effects and introduces related assessment endpoints. Chapter 6 
expands the idea of toxicity pathways, introduced in Chapter 4, to adverse 
outcome pathways that connect the dots to effects in environmental organisms, 
populations and ecosystems. 

Chapter 7 describes dose— response assessments, data reporting and derivation 
of benchmark values. It also gives the mathematical background for calculating 
toxic units (TU) and bioanalytical equivalent concentrations (BEQ). Chapter 8 
provides an overview of mixture toxicity concepts, summarising the way 
chemicals can interact as mixtures and delving in depth into the concept of toxic 
equivalency, which is a means of reporting mixture toxicity using a simple metric. 

Chapter 9 presents a brief overview of the application of high-throughput 
in vitro bioassay testing for chemical risk assessment. Huge databases of in vitro 
single chemical data have become available in the last 10 years and they serve 
well for inspiration on the selection of bioassays for water quality testing but also 
provides input data for the mixture models. 

Chapter 10 provides a systematic review of bioassays currently applied for water 
quality assessment, demonstrating the breadth and depth of the types of endpoints 
that can now be accessed through effect-based monitoring. 

The next chapters delve into practical aspects of bioassay application. Specific 
QA/QC steps required to ensure that bioassay data are reliable, repeatable and 
comparable across laboratories and demonstrate good assay practices are 
discussed in Chapter 11, while considerations on sampling, sample preparation 
and dosing are presented in Chapter 12. 

Chapter 13 outlines how to develop a bioassay battery for water quality 
testing, which assays to include, and how to interpret bioassay results, 
introducing the concepts of iceberg mixture modelling and effect-based trigger 
(EBT) values. 
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Chapter 14 illustrates the benefits of including bioanalytical tools for water 
quality monitoring through selected case studies in surface water quality 
assessment, wastewater, advanced water treatment and drinking water. 

Chapter 15 briefly introduces some applications of bioanalytical tools beyond 
water quality monitoring, providing some examples with sediment and biota 
assessment as well as the potential of these tools for human biomonitoring. 

The final chapter, Chapter 16, provides a synthesis and an outlook to future 
developments in the field. 

In addition, we have created a series of online resources and tools to apply some 
of the principles and data methods explained in this book. This supplementary 
information is available at www.ufz.de/bioanalytical-tools. 


Foreword 


The Global Water Research Coalition (GWRC) is an international organisation that 
is dedicated to the exchange and generation of knowledge to support sustainable 
development and management of the urban water cycle. The research agenda is 
developed by the member organisations of the GWRC and reflects their priorities 
and recognises global trends and drivers that affect the urban water cycle. The 
agenda of the GWRC always includes the monitoring contaminants of emerging 
concerns as one of the priority areas. 

As we become more and more aware of the large number of pollutants 
(particularly organic micropollutants) in the aquatic environment, it is no longer 
possible to evaluate the elimination of the individual pollutants in water treatment 
plants or to guarantee the absence of their transformation products, including 
disinfection by-products. It is also difficult to evaluate which mixtures may 
induce adverse health effects at a later date, given that very low concentrations 
may already cause adverse effects, for example, endocrine disrupting effects. 
While these low concentrations are unlikely to pose a significant health concern, 
there is a scarcity of toxicity information on many of the chemicals currently in 
commercial use, and in most cases, it is impossible to conduct a proper risk 
assessment for all organic micropollutants. 
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The possible health impacts of these substances are of major interest to water 
operators and public consumers alike. As these concerns are widely debated 
today, they require a scientific, objective and rigorous assessment of consumer 
exposures and toxicity. There is an increased requirement to assess the level of 
risks to human health under high-throughput, cost-effective and predictive 
monitoring frameworks to better ensure that we limit our exposure to toxic 
chemicals and avoid early biological effects. 

In 2019, the GWRC commenced a multinational research project on “Effect 
Based Monitoring for Water Safety Planning'. The project builds upon the 
knowledge gained during the GWRC EDCI and EDCII Toolbox projects to 
develop new practices that support the application of bioanalytical tools within an 
internationally accepted water management framework, such as Water Safety 
Plans. The main added value of this project is to combine substance-based and 
effect-based monitoring tools to capture any adverse toxic chemicals missing 
from current conventional substance-based targeting and demonstrate application 
of this framework to assess the water quality profiles of different water from 
resource to tap using key case studies. 

One critical barrier to wider implementation of effect-based monitoring methods 
is the lack of broader understanding of their usefulness in quantifying unknown 
pollutants and their rich potential applications. This is a key area that the GWRC 
project and this book aim to address. This book thoroughly lays the foundation 
behind the science and carefully guides the reader through the concepts needed to 
develop and successfully apply a battery of in vitro bioassays for enhanced water 
quality assessment. The GWRC is thus pleased to endorse this book and hopes 
that our joint effort and future reports will be useful to all who are active in the 
field of understanding and venturing into ‘Effect Based Monitoring for Water 
Safety Planning'. 


Stéphanie Rinck-Pfeiffer 
December 2020 
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Chapter 1 


Introduction to bioanalytical tools 
in water quality assessment 


1.1 BACKGROUND 


Chemical monitoring provides a quantitative assessment of individual organic 
contaminant concentrations in a water sample but does not account for the 
presence of unknown compounds such as transformation products, untargeted 
chemicals (i.e., not previously known to be present) or for interactions among 
chemicals. Bioanalytical monitoring, also called effect-based monitoring (EBM), 
is complementary to chemical analysis and provides information on all bioactive 
micropollutants present in a sample ranked according to potency, that is, more 
toxic chemicals are weighted higher than less toxic chemicals. 

Classical aquatic toxicity tests used in water quality assessment include in vivo 
assays with fish and aquatic invertebrates that measure endpoints such as 
mortality, growth, reproduction, behavioural and feeding responses. /n vitro 
molecular and cell-based assays offer a sensitive, cost- and time-efficient ethical 
alternative to classical whole animal testing. The implementation of human and 
other living organism cell lines in water testing has facilitated high-throughput 
evaluation of toxicological endpoints relevant for assessing the potential for 
deleterious human and ecological health effects. 

For the purpose of this book, we define ‘bioanalytical tools’ as cell-based in vitro 
and in vivo bioassays that can be run in well-plate formats and that are indicative of 
specific endpoints relevant for human and/or ecological health. These tools include 
whole cell assays and assays with genetically modified cells, where natural features 
have been over-expressed to enable more sensitive detection and/or where foreign 
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features have been added for visualisation of effects. The cell membrane is an 
important barrier and target site, and cell-free assays (such as immunoassays and 
direct receptor binding assays) are generally excluded from this definition, with 
the exception of some key enzyme assays. Assays with unicellular organisms, 
such as algae, yeast or bacteria, and some high-throughput whole organisms such 
as crustacea and fish embryo assays are also included in our definition of 
‘bioanalytical tools’. 

A major advantage of bioanalytical tools is the ability to detect the toxicity of 
mixtures of known and unknown compounds, whereas chemical analysis can 
only quantify the concentration of known, targeted chemicals irrespective of 
toxicity. By measuring the mixture toxicity of a water sample, the bioassay 
approach includes a risk perspective as it explicitly accounts for the differences in 
toxicity across different chemicals and for interactions among chemicals in a 
mixture. Many bioassays yield specific information on a given mode of action 
rather than merely answering whether or not the cells are dead or alive after 
exposure to the sample. This mechanistic information can be exploited by 
running a series of bioassays indicative of a range of different modes of action in 
parallel. In this way, a comprehensive bioanalytical test battery provides an 
integrated measure of the toxicity of the biologically active substances in a water 
sample. A bioassay can also be selected to target a specific protection goal such 
as the maintenance of hormone balance or photosynthesis. 

This book aims to provide a comprehensive understanding of the key concepts and 
practical issues in the application of bioanalytical tools for water quality monitoring. 
The focus is exclusively on organic chemicals. It is also possible to target metals 
and inorganic pollutants with bioassays, however, sample treatment and data 
interpretation differs between organics and inorganics. In addition, while there are 
millions of organic chemicals, many of which may never be identified by chemical 
analysis, the limited number of inorganic elements allows comprehensive chemical 
analysis of metals and inorganics, reducing the need for effect-based analysis. 


1.2 ORGANIC MICROPOLLUTANTS 
1.2.1 Defining the issue 


Organic micropollutants are a group of man-made chemicals such as pesticides, 
industrial chemicals, consumer products and pharmaceuticals (Schwarzenbach 
et al., 2006) (Table 1.1). As the name implies, micropollutants occur in 
water and the environment in the microgram per litre concentration range 
(1 ug/L = 107% g/L = 0.000001 g/L) or even lower, in the nanogram to 
picogram range (1 ng/L = 0.000000001 g/L; 1 pg/L = 0.000000000001 g/L). 
Not all water pollutants are man-made, natural compounds such as human 
hormones and phytosterols can have adverse effects on aquatic life and natural 


Introduction to bioanalytical tools in water quality assessment 


Table 1.1 Examples of ubiquitous organic water pollutants. 


Origin/Usage Class Selected Examples 
Industrial Solvents Tetrachloromethane 
chemicals Intermediates Methyl-t-butylether 
Petrochemicals BTEX (benzene, toluene, 
ethylbenzene, xylene) 
Plasticisers Phthalates 
Lubricants Polychlorinated biphenyls (PCB) 
Flame retardants Polybrominated diphenylethers 
(PBDE), organophosphates 
Consumer Detergents Nonylphenol ethoxylates 
products Pharmaceuticals Antibiotics, painkillers 
Hormones 17o-Ethinylestradiol 
Personal care UV filters, hair dye, hydrotropes 
products 
Biocides Pesticides DDT, tributyltin, atrazine 
Non-agricultural Triclosan 
biocides 
Disinfectants Bactericide, Isopropanol, 
virucide alkyldimethyl-benzylammonium 


Natural 
chemicals 


Transformation 
products 


Taste and odour 
compounds 
Natural toxins 
Human hormones 
Phytosterols 


Formed from all the 
above 


chloride 
Geosmin, methylisoborneol 


Microcystins, mycotoxins 
Estradiol, estrone, testosterone 
Genistein, daidzein 

Further details in Table 1.2 


Adapted from Schwarzenbach et al. (2006). 


toxins such as those produced by plants, cyanobacteria or fungi may be extremely 
harmful to aquatic life and human health. 

In contrast to micropollutants, macropollutants are naturally occurring 
compounds that exist locally in excess concentration, for example, phosphate and 
nitrogen compounds, which can lead to eutrophication of surface waters 
(Schwarzenbach er al., 2006). Macropollutants were the big environmental 
problem of the 1960s and 1970s. Today macropollutants are usually properly 
managed with the introduction of source controls and additional wastewater 
treatment requirements. As a result, attention has shifted to micropollutants, 


including inorganic and organic chemicals. 
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The widespread distribution of organic micropollutants in our waterways 
presents a hazard to aquatic life. Hazards to humans can occur through the 
consumption of food and drinking water and through other exposure routes such 
as inhalation and dermal contact. Micropollutants enter the aquatic environment 
via direct sources, such as industry and sewage effluent discharge, and via 
non-point sources such as urban runoff and agriculture. Due to the complex 
nature of the chemical mixtures occurring in domestic wastewater used for water 
recycling schemes, conventional treatment is not always sufficient to remove 
the entire contaminant load. Additional treatment steps such as ozonation and 
sorption to activated carbon have been introduced to wastewater and recycled 
water treatment to reduce more recalcitrant micropollutants. Membrane 
processes such as reverse osmosis can also reduce a wide range of 
micropollutants, but removal efficiency is related to the chemical structure and 
size, and some compounds may not be fully removed by reverse osmosis alone. 
Disinfection, such as chlorination and advanced oxidation processes, control 
human pathogens (microorganisms that cause disease) While conventional 
biological treatment and advanced treatment processes are very effective in 
eliminating most unwanted pathogens and many micropollutants, they also 
introduce other potentially harmful substances such as disinfection by-products 
and transformation products. 


1.2.2 Transformation products 


Transformation products are micropollutants that have undergone chemical 
reaction(s). It is currently unclear, which and how many transformation 
products are formed, in what quantities and what level of harm they may cause. 
Transformation products can arise from a variety of sources and can be formed in 
the environment as well as in engineered systems (Table 1.2). Pharmaceuticals are 
extensively metabolised in humans and animals and, hence, are typically not 
excreted in the same form as they were ingested but as a variety of metabolites 
(Lienert et al., 2007). Many pharmaceuticals are activated inside the body to the 
pharmacologically active form, which may also be more potent than the precursor 
with respect to its adverse effect. Most pesticides and other micropollutants 
undergo biotic and abiotic transformation reactions in the environment. In surface 
water, for example, exposure to sunlight can cause direct photodegradation or 
indirect oxidation of micropollutants via formation of reactive oxygen species. 
Biodegradation is extensive during biological wastewater treatment, yet full 
mineralisation (complete degradation to carbon dioxide and water) is incomplete 
for many chemicals, allowing biotransformation products to be formed. 
Hydrophobic micropollutants are also removed from water by adsorption to the 
sewage sludge without any transformation. Existing micropollutants in water can 
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Table 1.2 Transformation products of organic micropollutants and natural organic 


matter that are more problematic than the original chemical (for more details see 


Escher and Fenner, 2011). 


5 


Chemical Group Transformation 


Process 


Issues 


Transformation products introduced into the water 


Pharmaceuticals 


Metabolism of 
pharmaceuticals in 
humans and animals 
followed by excretion 
with urine and faeces 
to wastewater 


Conjugates can later be cleaved 
back to the original compound 
Some pharmaceutical drugs are 
more potent after metabolic 
activation 


Transformation products formed in the environment 


Pesticides 


pesticides 


All micropollutants Direct and indirect 
photodegradation in 
surface water 


Abiotic and biotic 
reactions in the 
environment from 
direct runoff of 


Pesticides (e.g., 
organophosphates) can be 
activated by oxidation or other 
chemical reactions 


Can lead to a product more 
persistent and toxic than the 
precursor (e.g., photochemical 
condensation of triclosan 

to a dioxin-like structure) 


Transformation products formed in engineered systems 


All micropollutants Biodegradation during Some transformation products are 
more persistent than the precursor 
(e.g., 4-nonylphenol as breakdown 


wastewater treatment 


All micropollutants Advanced oxidation 
and disinfection during 
water treatment 


and natural 
organic matter 


product of nonylphenol 
polyethoxylate) 


Disinfection and oxidation 


by-products (e.g., trihalomethanes 


and haloacetic acids) from natural 
organic matter are putative 
carcinogens 


be transformed during advanced oxidation and disinfection processes to more 
persistent and/or toxic disinfection by-products (Table 1.2). 


Disinfection by-products are important contaminants of drinking water and are 
formed during disinfection from natural organic matter present even in the purest 
water used as a source for drinking water (Table 1.2). During chlorination of 


drinking water, a wide range of chlorinated chemicals are formed, for example, 
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trihalomethanes and haloacetic acids. Nitrosamines are further formed during 
chloramination. Bromate can be formed after ozonation. As some disinfection 
by-products are known to cause cancer and other adverse effects (Hrudey and 
Fawell, 2015), their regulation and management is important while keeping in 
mind that protection from pathogens is of the high priority to safeguard health in 
the short term. 

While most transformation products are less persistent, bioaccumulative and 
toxic than the original compounds (Boxall er al., 2004), there are a number of 
prominent exceptions. Some transformation products are more persistent than 
their compounds of origin and thus accumulate in higher concentrations in the 
environment. Other transformation products are more toxic than the original 
chemicals (Escher and Fenner, 2011). An example is nonylphenol, which is a 
degradation product of the industrial surfactant nonylphenol polyethoxylate 
(NPE). Nonylphenol is highly persistent, bioaccumulative and in addition to 
being more toxic than NPE in terms of acute toxicity, it exhibits weak estrogenic 
effects (Fenner er al., 2002). 


1.2.3 Low concentrations and mixtures 


Regulators are faced with vast numbers of largely unknown micropollutants and 
transformation products in water. Individual contaminants may be present at very 
low concentrations, most far below any concentration expected to cause adverse 
effects on their own but acting together in mixtures their biological activity may 
lead to detectable effects. 

All chemical analysis is limited to the lowest level of resolution of each analytical 
method. In most analytical laboratories today, routine analysis is limited to the 
microgram per litre (ug/L) range, while specialised methods may resolve 
individual chemicals down to the nanogram (ng/L) or picogram per litre (pg/L) 
level. Chemical analysis can only identify the tip of the iceberg with no 
quantitative measure of the fraction that remains unaccounted for (Figure 1.1). 
Although bioanalytical tools do not quantify the individual components in the 
submerged part of the iceberg, they contribute a more complete picture of its total 
size, thereby improving our ability to predict the possible health significance of 
micropollutants. Bioassays indicative of specific modes of action, such as 
estrogenicity and genotoxicity, may help refine this picture further by pointing to 
specific groups of micropollutants with common modes of action, which often, 
although not always, comprise structurally similar chemicals. 


1.3 ENVIRONMENTAL TOXICOLOGY 


Environmental toxicology has evolved over the last few decades from an 
amalgamation of various scientific disciplines including biology, toxicology, 
environmental chemistry, biochemistry, pharmacology, medicine and ecology. 
The overall objective of environmental toxicology is to understand the impact of 
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* Chemicals detected in water samples 
* Chemicals with known effects 
Tip of the iceberg * Mixture effects 


Unknown 
chemical risks 


* Chemicals below detection limits 

* Unknown chemicals 

* Chemicals without analytical methods 
* Transformation products 

* Mixture effects 


Bioanalytical tools can capture 
and characterise the entire iceberg 


Figure 1.1 Organic micropollutants detected in water samples are only the tip of the 
iceberg — many other micropollutants may be present, including transformation 
products and known and unknown chemicals, which act together in mixtures and 
these mixture effects can be captured by bioanalytical tools. 


environmental pollutants on humans and ecosystems, encompassing all levels 
of biological organisation. Effects range from biochemical interactions within 
organisms to whole animals, populations and ecosystems. In human toxicology, 
this sequence is paralleled starting from the toxicity pathways occurring at the 
cellular level to failure or malfunction at organ level to population effects and 
epidemiological studies (e.g., cancer clusters). 

Traditionally, environmental toxicology has been divided into ecological 
toxicology (or ecotoxicology) and human health toxicology. While the former 
discipline was generally associated with environmental sciences and biology, the 
latter is rooted in pharmacology and medicine. As these disciplines have become 
more focused at the molecular level, it has been recognised that mechanistic 
toxicity pathways have many common pathways and modes of action in all biota, 
and the fields have again grown closer. 

Environmental toxicology comprises the following sub-disciplines: 


* Environmental science, an interdisciplinary science that studies the earth, air, 
water, living environments and social components. 

* Environmental chemistry and chemo-dynamics, the study of sources, 
reactions and fate and transport of chemicals in the environment. 

* Classical toxicology, which aims to protect human health. 

* Epidemiology to understand effects on human populations and communities. 
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° Ecotoxicology (ecology + toxicology), which seeks to evaluate effects on 
environmental organisms, populations, communities and ecosystems. 
Aquatic toxicology is a subset of ecotoxicology, where exposure occurs via 
aquatic ecosystems including saline, brackish and freshwater systems. 


1.4 ENVIRONMENTAL RISK ASSESSMENT 


Environmental toxicology, as a science, plays a central role in the development of 
robust methods for environmental risk assessment of chemicals. Environmental 
risk assessment consists of four steps (Figure 1.2). Hazard identification 
includes the collection and evaluation of all available information for the given 
chemical to assess its potential adverse effect and classification according to the 
globally harmonized system of classification and labelling (GHS). The 
assessment of the potential of a chemical to be categorised as persistent, 
bioaccumulative and toxic (PBT) or carcinogenic, mutagenic or reproduction 
toxic (CMR) is an important step in the European Union’s chemical regulation 
to identify substances of very high concern. Effect assessment involves 
dose—response characterisation and extrapolation, which yield predicted 
‘derived no effect levels’ (DNEL) and ‘derived minimal effect levels’ (DMEL) 
for humans and ‘predicted no effect concentrations’ (PNEC) for the 
environment. The exposure assessment involves evaluation of the expected 
exposure levels relevant for a given situation. For each exposure scenario, the 
risk is then characterised by comparing the expected exposure level with the 
DNEL/DMEL or PNEC, which should correspond to a safe dose over the entire 
lifetime of a human or environmental organism. 


Hazard identification 


Effect assessment Exposure assessment 


Risk characterisation 


Figure 1.2 Environmental risk assessment of chemicals, simplified from the REACH 
Guidance Document for Chemical Safety Assessment (European Chemicals Agency, 
2011). 
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In vitro assays are used in an early screening stage of hazard assessment as part of 
an integrated test strategy but if there is any indication that a chemical is of concern, 
risk assessment in the European Union legislation REACH needs to be based on 
in vivo information (EP&EC, 2006a). The U.S. risk assessment paradigm is 
different. The U.S. EPA is committed to reduce animal testing for risk assessment 
and to incorporate pathway-based in vitro toxicology in toxicity and risk 
assessment (NRC, 2017). 


1.5 BIOANALYTICAL TOOLS 


Bioanalytical tools are defined as in vitro cell-based and in vivo bioassays indicative 
of modes of action that are relevant for human and/or ecosystem health. These 
include whole cell and reporter gene assays, tests with unicellular and small 
organisms (Daphnia, fish embryo) as well as some enzyme and receptor-binding 
assays. Previous reviews had wider or narrower definition. Behnisch et al. (2001) 
included, for example, biomarkers and enzyme immunoassays, while Eggen and 
Segner (2003) only included assays describing a defined chemical—biological 
interaction excluding general cytotoxicity assays. The European technical report 
on aquatic effect-based tools under the Water Framework Directive compiled 
numerous in vitro and in vivo bioassays including biomarkers that have been 
applied for water quality monitoring (Wernersson et al., 2015). 


1.5.1 /n vivo and in vitro bioassays 


Toxicity testing can be performed at several levels of organisation. Epidemiological 
studies attempt to link observed clusters of disease with human exposure to 
chemicals. /n vivo studies on individuals utilise historic case studies of human 
poisoning or perform animal tests (e.g., using rodents) in order to obtain 
toxicological information at the whole organism or organ level (Figure 1.3). As 
with human toxicology, the in vivo scope of ecotoxicology may range across 
organisms, populations, ecosystems and model ecosystems. 

In vivo assays are whole organism exposure tests used to determine the toxicity of 
a chemical, effluent or other mixture of interest to a target organism (Figure 1.4). In 
addition to survival and reproduction, sub-lethal and behavioural effects can be 
assessed. Sub-lethal effects are often quantified via biomarkers, which are 
molecular characteristics that are objectively measured as indicators of a normal 
biological process or in response to harm (Atkinson er al., 2001). 

In vitro technology merges human toxicology and ecotoxicology. In vitro assays 
are in a strict sense all assays that are performed in a controlled environment of a test 
tube or microtitre plate (Figure 1.4) In practice, the term is often used 
synonymously with ‘alternative test methods’ or ‘new approach methods’ (NAM) 
that do not make use of test animals. While most in vitro assays are cell-based, 
these also include isolated tissue (e.g., metabolically active liver homogenate) and 
enzyme extracts. As cell lines (e.g., mammalian, fish, yeast and bacteria) can be 
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Level of testing 
epidemiology 


ecosystem 
population 


human 
test animal 


relevance 


organ 


cell 


genomics 
proteomics 
metabolomics 


in-vitro 
reproducibili 
automation 


Figure 1.3 Different levels of toxicological testing in human toxicology and 
ecotoxicology and their agreed attributes. 


obtained and grown without sacrificing test animals, molecular and cell-based 
assays have the advantage of being of low ethical impact compared to in vivo 
assays (Blaauboer, 2002; Hartung, 2010). Some mammalian cells cannot be 
maintained in culture for a long time and have to be isolated from tissue (primary 
cells), but other cell cultures, especially mammalian cancer cells and fish cells, 
are immortal, that is, they can be cultured and reproduced indefinitely. 

In vitro assays generally require less space (lower volumes) and are often more 
practical for assessment of environmental samples with low levels of 
micropollutants, which need to be enriched prior to toxicity testing. Cell-based 
assays allow automation and high-throughput screening resulting in time- and 
cost-effectiveness. Increased sensitivity can also be achieved through genetically 
modified cell lines with amplified response (Figure 1.4). 

Some in vivo assays share some of the advantages of in vitro assays. The fish 
embryo test (FET), for instance, is a recommended alternative to traditional 
ecotoxicological protocols. The FET is used in Germany to assess the quality of 
wastewater before introduction into environmental waters (Embry et al., 2010). 
In vivo biomarkers such as vitellogenin, a marker for estrogenicity, are also 
sensitive and informative indicators of endocrine disruption (Purdom et al., 1994) 
(Figure 1.4). 

Yet, while in vivo bioassays are valuable for ecotoxicological assessment of pure 
chemicals, applications for monitoring of water quality are generally limited to 
whole effluent testing and low-complexity assays including those based on 
biomarker responses (Figure 1.4). Reproductive and developmental effects are 
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Figure 1.4 Principles of in vivo and in vitro bioassays used in water quality 
monitoring. 


response 


Genome 
Proteome 
Metabolome 


rarely assessed (with the exception of the FET). As in vivo bioassays are typically 
performed with whole water samples, either directly or in diluted form, only 
relatively polluted water can be tested using these methods. In contrast, water is 
typically extracted and enriched before administration to in vitro bioassays, thus 
allowing a much wider range of sample matrices (e.g., from wastewater to 
drinking water) to be tested. 

Additional very promising tools for hazard assessment of chemicals arise from 
the emerging field of toxicogenomics. Toxicogenomics is the science of applying 
genomic technologies to elucidate the toxicity pathways and modes of action 
triggered by a micropollutant (Nuwaysir et al., 1999). Technologies applied in 
toxicogenomics include profiling at the gene (transcriptomics) and protein 
(proteomics) expression levels as well as profiling of the metabolic products 
arising from biological reactions (metabolomics). Ecotoxicogenomics takes this 
approach one step further by linking these cellular level effects with adverse 
outcomes for whole organisms, populations and ecosystems (Ankley et al., 2006; 
Fedorenkova et al., 2010). However, despite significant progress over the last 
decade in pathway analysis and data curation (including the Comparative 
Toxicogenomics Database), it is still difficult to link a specific gene, protein or 
metabolic change to organism, population and ecosystem health outcomes 
(Bahamonde et al., 2016), a process rendered even more difficult when applied to 
mixtures of contaminants in environmental samples (Altenburger et al., 2012). 
Thus, while omics profiling can offer novel insights during hazard identification, 
toxicogenomic techniques are yet to be validated for use in regulatory risk 
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assessment of chemicals or environmental monitoring programmes (Sauer et al., 
2017). 

The use of in vitro bioassays in risk assessment has been limited due to 
difficulty in determining their relevance to well-established in vivo toxicity 
tests and predicting effects in whole organisms. Recent advances in molecular 
toxicology and system biology, including those achieved by the Tox21 
program of the National Institute of Health jointly with the United States 
Environmental Protection Agency (U.S. EPA, Gibb, 2008), have led to a 
paradigm shift (Hartung, 2010). In vitro bioassays are now gaining acceptance 
provided an (ideally mechanistic) in vitro to in vivo extrapolation model exists 
(Wetmore, 2015). 


1.5.2 Cell-based bioassays 


Cell-based bioassays target particular endpoints or mechanisms of toxicity and can 
be divided into two groups: 


* Bioassays with native cells (primary cells and immortal cell lines) 
° Bioassays with recombinant cell lines 


1.5.2.1 Native cells 


Native cells are cells that have not been genetically modified. Primary cells can be 
sourced directly from tissue samples but have limited life span in vitro. Immortal cell 
lines are mutated cell lines that can proliferate indefinitely. Immortal cells are 
preferable due to their high reproducibility and improved animal ethics and cost. 
In mammals, only cancer and stem cells are immortal. More recently, methods 
have become available to immortalise cells but so far, they have not been widely 
used in practical applications for water quality assessment. In fish, any cell type 
can theoretically be cultured and transformed from a primary to an immortal cell 
line (Schirmer, 2006). 

Native cells typically respond to all bioactive substances in a given sample and 
are suitable for assessment of non-specific toxicity. Non-specific toxicity is typically 
measured in bioassays that quantify cell growth/viability (cytotoxicity) 
(Figure 1.5). Cytotoxicity assays can be more specific if cells are derived from 
particular tissues such as pulmonary epithelial cells or liver cells. Growth of 
neuronal cell lines can be used to assess not only cytotoxicity but also neurite 
development as a more specific endpoint. The differential toxicity between 
different cell types can further give an indication of the mode of action of the 
chemicals in the sample. Some cells react specifically to groups of chemicals 
with common modes of action by expressing a specific physiological response 
such as direct inhibition of photosynthesis in algae or the proliferation of breast 
cancer cells in the presence of estrogen. 
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Figure 1.5 Design of cell-based bioassays. Receptor refers to a structural element in 
the cell to which a chemical can bind and, subsequently, induce processes that may 
cause toxicity. Reporters are gene products that are not naturally present in the cell 
but have been introduced through genetic modification to allow visualisation of the 
receptor binding. 


1.5.2.2 Genetically modified cells 


Recombinant cell bioassays use genetically modified cell lines and have emerged in 
the last decade to detect and amplify specific toxic responses (Figure 1.5). Examples 
include hormone-mimetic activity and induction of the arylhydrocarbon receptor 
(AhR). The general design of recombinant cell bioassays is the integration of a 
reporter plasmid into a cell (e.g., human or mammalian immortal cell line). A 
plasmid is a circular DNA molecule, which carries a responsive element for the 
receptor of interest, followed by a reporter gene that encodes a measurable feature 
such as an enzyme (e.g., B-galactosidase or luciferase) or an easily measured 
fluorescent protein. The amount of response quantified via the enzyme activity or 
the fluorescence intensity of the fluorescent protein is proportional to the amount 
of chemical bound to the receptor. 


1.5.3 Modes of action 


Modes of action (MOA) can be classified into three major groups: non-specific, 
specific and reactive toxicity (see Chapter 4 for more details). Non-specific 
toxicity refers to baseline toxicity and is the minimum toxicity that any 
compound exerts without evoking specific effect. This minimum toxicity occurs 
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at the same critical membrane concentrations irrespective of the cell type or 
organism (Escher et al., 2019). Cytotoxicity assays will mainly be indicative of 
non-specific toxicity. Specific toxicity refers to all mechanisms that involve 
binding to a receptor or interference with an enzyme function. For reactive 
toxicity, chemical reactions occur between the chemical and cell components, 
such as DNA, proteins and phospholipids. 

Bioassays can also be categorised in accordance with their potential to detect and 
quantify the different MOAs within the above three classes. Non-specific toxicity 
assays are crucial in providing an estimate of the overall toxic burden of all 
chemicals within a mixture and include all cell viability /proliferation assays. 

Specific toxicity assays target particular toxicant groups through detection of 
specific endpoints. Typical bioassays applied for monitoring of specific toxicity 
include recombinant cell bioassays capable of detecting the induction of nuclear 
receptors, such as the estrogen, androgen, thyroid, aryl-hydrocarbon and retinoic 
acid receptors. Bioanalytical capabilities are improving rapidly worldwide by 
covering an increasing number of receptor-mediated toxicity endpoints. Reactive 
toxicity includes any MOA that involves the chemical reaction between 
chemicals and biological molecules, including DNA damage (genotoxicity, 
mutagenicity), reactivity towards proteins, peptides and lipids, as well as 
oxidative stress. The main focus has been on detection of mutagenicity and 
genotoxicity using the classic Ames test (for mutagenicity) and assays indicative 
of DNA repair. Genotoxicity tests based on mammalian cell lines with detection 
of DNA damage using the Comet assay and/or the micronucleus assay have also 
been introduced to water quality testing. Test battery-type approaches combine a 
number of assays within and/or across the above categories enabling a more 
comprehensive characterisation of various aspects of toxicity. 


1.6 BIOASSAY SELECTION AND DESIGN OF TEST 
BATTERIES 


Cell-based assays have been applied for monitoring of water quality worldwide 
since the 1960s (Figure 1.6). Early work mainly focused on assays indicative of 
carcinogenicity (reactive toxicity) and general (non-specific) toxicity. The Ames 
test (Ames et al., 1975), for example, has been used for water monitoring since 
the 1970s (Simmon and Tardiff, 1976) and is still widely used. The Microtox 
assay, which measures bioluminescence inhibition in the marine luminescent 
bacteria Aliivibrio fischeri (formerly named Vibrio fischeri) as an indicator of 
cytotoxicity, was first applied for water samples in the early 1980s (Chang et al., 
1981). 

Researchers have applied single and multiple assays for water quality assessment 
for decades, however, since testing was expanded from contaminated sites and 
effluents to surface waters and highly treated waters, battery applications have 
dramatically increased particularly in the last decade (Figure 1.6). Sanchez er al. 
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Figure 1.6 Increase of studies that have applied bioanalytical tools in water quality 
assessment since 1970. Search in Web of Science with the keywords ‘(in vitro or 
vitro or bioanalytical) and battery and bioassay* and water and quality’ on 18 
November 2020. 
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(1988) were among the first to employ an assay battery to evaluate the toxicity of 
industrial effluents. The battery included five acute toxicity assays (three 
bacterial, one in vivo and one molecular) and three mutagenicity assays (the 
Ames test, and the Escherichia coli and Saccharomyces cerevisiae (yeast) reverse 
mutagenicity assays). 

Specific toxicity assays emerged in the 1990s to monitor endocrine disrupting 
compounds (EDCs), which raised much concern due to the potential adverse 
effects of these xenobiotics to wildlife. In particular, the observation of reduced 
fish reproduction at environmentally relevant exposure concentrations sparked 
much attention (Jobling et al., 1998). 

The field really started to explode in the early 2000s (Figure 1.6). Mammalian 
cell-based assays became more abundant in water quality testing as the focus 
expanded from ecosystem health targeting surface water quality and wastewater 
treatment to also include human health by considering advanced and drinking 
water treatment and associated water quality (e.g., Brand er al., 2013; Leusch 
et al., 2014a, 2014b; Hebert et al., 2018). 

Most research has focused on surface waters and domestic and industrial 
wastewaters. Scattered studies on pulp and paper mill effluents as well as oil 
field-produced effluents are also found in the literature. In recent years, screening 
of wastewater and advanced water treatment processes, disinfected drinking water 
and recreational waters have emerged. Improved sample preparation and sample 
enrichment methods as well as the introduction of more sensitive bioassay 
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endpoints have enabled progression from highly contaminated water samples to 
high-quality water such as purified recycled water and drinking water. 

Apart from testing quality of different water types, an important application for 
bioassays has been the assessment of treatment efficacy of a certain technical or 
natural process, to evaluate trends in effect over time and to benchmark the 
quality of water from different origins. Hence, the effects are typically compared 
within a process, along a time axis or across different locations. This allows 
calculation of treatment efficacies and can help to evaluate natural and engineered 
treatment processes. 


1.6.1 Design of test batteries 


Comprehensive risk assessment requires a battery of bioassays to cover a range of 
MOAs and/or recipients relevant for the water sample to be tested. Two distinct 
approaches can be applied to design a test battery; one is driven by the protection 
goal, while the other is driven by the chemical groups of concern and their modes 
of action (Figure 1.7; see Chapter 13 for more details). 


1.6.2 Protection-goal-motivated test battery design 


A protection goal targets a health endpoint, organism or ecosystem process that it is 
desired to be protected. A goal could be to minimise cancer occurrences in humans 
or to ensure healthy fish reproduction in an aquatic ecosystem. Protection goals set 
the context for all chemical risk assessment legislation and are often translated into 


Water 


quality 


Figure 1.7 Design of test batteries for water quality assessment. 


Introduction to bioanalytical tools in water quality assessment 17 


specific assessment endpoints. Depending on the protection goal, a test battery 
needs to include the relevant assessment endpoints. When selecting a battery of 
bioassays, it is important to consider what we seek to protect (e.g., human health 
versus aquatic ecosystem health, marine species versus freshwater species) as 
well as the suite of tools necessary to conduct the assessment. The most 
appropriate exposure route (and recipient tissue) must also be carefully evaluated. 
If exposure to humans is via drinking water, for instance, the oral route is the 
most important exposure pathway. If, on the other hand, exposure is to 
recreational water via swimming, dermal contact is likely of higher significance 
than ingestion. When the relevant organism(s), exposure route(s) and potential 
risks posed to that organism(s) have been established, the relevant bioassays can 
be selected. Assays relevant for inclusion will be specific to the protection goals 
identified as part of hazard identification within a risk assessment framework. 


1.6.3 Chemical-group-motivated test battery design 


Chemicals with a common MOA and existing together in mixtures act according to 
the concept of concentration addition (see Chapter 8 for more details). Chemicals 
with a common MOA are also often (but not always) structurally similar. 
MOA-specific bioassays can thus be used to identify relevant toxicant groups 
present in a sample. 

As all known and unknown chemicals with a common MOA will contribute to 
the mixture toxicity in an associated bioassay, application of a MOA-based test 
battery can help generate a more comprehensive picture of the toxic potency of a 
water sample than chemical analysis alone. If the sample is suspected to contain 
hormones (e.g., wastewater), it is sensible to include a test indicative of endocrine 
disruption, particularly estrogenic and glucocorticoid activity. If herbicides are 
likely to be present (e.g., agricultural runoff), a phytotoxicity assay will be suitable. 

Effect-based batteries can be advanced further by including several assays for a 
given toxic MOA. Estrogenic effects, for example, can be activated by direct 
binding of the estrogen receptor (ER) by estrogenic compounds but also by 
indirect mechanisms such as activation of the AhR by polyaromatic hydrocarbons 
(PAHs) or inhibition of the cytochrome P450 19A aromatase that transforms 
testosterone to 17p-estradiol. 

Application of broad test batteries covering both non-specific cytotoxicity and 
several specific endpoints allows the assessor to account for unexpected toxicant 
groups that may otherwise go undetected. In the chemical-oriented design, 
quantification of the risks posed by relevant groups of chemicals is prioritised. 
Bioassays of high sensitivity towards the toxicant group of interest may therefore 
be selected irrespective of their (lack of) direct relevance to the protection goal. 
In order to assess drinking water for the presence of herbicides, for example, it 
may be appropriate to include an algal assay, even if the water tested is destined 
for human consumption and the protection goal is to achieve good human health. 
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Photosynthetic organisms are, however, particularly sensitive to herbicide exposure 
and the test indicates exposure even in the absence of information on effects 
in humans. 

Both test battery approaches may lead to comparable and often overlapping sets 
of bioanalytical tools as it is not possible to view chemicals independently of their 
MOA. When researchers design test batteries, they will often consider both 
approaches. It must further be noted that not all bioassays are fully selective and 
100% indicative of a given MOA. All cell-based bioassays will be influenced by 
a combination of non-specific and specific toxicity. In a water sample, there may 
be a multitude of chemicals, of which only a fraction will respond specifically to 
the endpoint featured in the applied assay. Within a range of concentrations, a 
window typically exists where the specific effect sets in but is not yet suppressed 
by cytotoxicity. The wider this window is, the more useful a given bioassay is for 
application with complex water samples. 


1.7 CHEMICAL ANALYSIS AND BIOANALYTICAL TOOLS 
ARE COMPLEMENTARY MONITORING TOOLS 


Bioanalytical tools do not replace chemical analytical monitoring. Both approaches 
provide complementary information (Figure 1.8) and, if combined appropriately, 
will allow for comprehensive assessment of organic micropollutants in a water 
sample. What we can detect with chemical analysis is dependent on the sample 
preparation, the chromatographic method (typically high-performance liquid 
chromatography (HLPC) for waterborne pollutants but also gas chromatography 
(GC)) and the detection method (mostly mass spectrometry (MS)). Precise 
identification and quantification of chemicals in water samples can only be done 
with target analysis using standards but it is possible to extend the list of target 
analytes with suspect screening methods that apply a smaller range of standards 
but can quantify larger sets of chemicals by a combination of retention times and 
exact mass filtering (Krauss et al., 2010; Schymanski er al., 2014; Alyzakis et al., 
2018). Non-target analysis, that is, the identification of chemicals by 
high-resolution MS, also shows enormous promises (Hollender et al., 2017) and 
has already been applied to better understand pollution patterns in rivers 
(Albergamo et al., 2019; Beckers et al., 2020). While there are clear promises of 
non-target screening, it does not allow accurate quantification of micropollutants, 
and does not provide any indication of the toxicity of the newly detected pollutants. 

Typical monitoring programs routinely assess from 10 to 100 individual 
chemicals, with more recent research publications including as much as 500 
individual chemicals (Malaj et al., 2014; Bradley et al., 2017; Kandie et al., 2020). 
Despite these amazing advances in analytical chemistry, it will never be possible 
to quantify all chemicals. 175 million organic and inorganic chemical substances 
were registered in the CAS (Chemical Abstract Services) Registry at the end of 
2020. Several million of these chemicals are commercially available with more 
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than 350,000 estimated to be in commercial use presently (Wang et al., 2020), not 
counting transformation products. There are more than 1000 registered active 
ingredients of pesticides in the USA alone, and up to 4000 for pharmaceutical 
use. In the European Union 100,000 chemicals have been registered in REACH, 
the European Union industrial chemicals’ regulation as of 2020. 

Thus, only a small fraction of micropollutants potentially present in water can be 
monitored by chemical methods. Whether or not the monitored chemicals are 
relevant from a risk perspective, and cover the majority of the overall toxicant 
burden, can only be ascertained via mixture toxicity assessment using bioassays. 
As Figure 1.8a illustrates, target analysis can shed light only on a very small 
fraction of chemicals. With suspect and non-target screening, many more 
chemicals can be identified (albeit not quantified), but an unknown fraction still 
lurks in the dark. With apical endpoints such as cytotoxicity, we can capture and 
quantify the toxicity caused by all chemicals in a water sample acting together, 
but we cannot identify the causative agents (Figure 1.8b). By applying bioassays 
with specific modes of action, we can further narrow in groups of chemicals that 
act according to the same mode of action, and better characterise the 
toxicological profile. The results from the different methods can be connected in 
a quantitative way through mixture modelling, which is outlined in Chapter 13. 
The capabilities and limitations of chemical analysis and bioanalytical tools are 
compared in Table 1.3. 

Bioassays provide a comprehensive picture of biologically active chemicals 
present in a sample. It is, however, not possible to elucidate which chemical(s) is 
(are) responsible for the observed toxicity. To address this, a sample can be 
fractionated, and the individual fractions tested for biological activity. The active 
fractions may need to be fractionated further before the chemical(s) that caused 
the effect can be identified. This so-called bioassay-directed fractionation 
technique or effect directed analysis (EDA, Brack et al., 2008) is very promising 
for water samples, where single contaminants dominate the overall toxicity such 
as, for example, after an accidental release or illegal dumping of a chemical. 
Generally, and for most applications in water quality monitoring, including 
wastewater treatment, water recycling and drinking water treatment, there will be 
no individual component(s) dominating the toxicity. The observed effect will 
more likely reflect the combination of a large number of chemicals and their 
transformation products, most likely present at individual concentrations below 
the thresholds necessary to cause any observable single-chemical effect. Indeed, 
when toxic chemicals act together in mixtures, concentrations below individual 
effect thresholds may add up to measurable effects (Silva et al., 2002). Such 
mixture effects cannot be accounted for using chemical analysis alone. 

Bioassays that are selective for specific endpoints, such as binding to ER, will 
respond to subgroups of chemicals that exhibit common MOAs and act together 
in mixtures via concentration addition. Non-selective bioassays that detect 
non-specific indicators, such as cytotoxicity or growth inhibition, are true sum 
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Table 1.3 Comparison of capabilities and limitations of chemical analysis and 
bioanalytical tools. 


Chemical Analysis Bioanalytical Tools 


+ Capable of quantifying individual — Cannot resolve individual 
chemicals (typically 10—500). compounds. 


+ Sum parameter for chemicals with 
the same MOA. 
— ` Interactive mixture effects cannot + Detects mixtures of known and 
be assessed. unknown bioactive chemicals 
because all will respond to various 
degree (weighted by potency). 


+ Mixture toxicity measured but 
interactive effects cannot be 
differentiated from simple additive 
effects. 


- Full extent of chemical burden is + Non-specific endpoints account 


unknown. for the sum of bioactive chemicals 
present in a sample. 
— |n ‘clean’ water samples, +  Bioassays are often less sensitive 


individual components fall below 
the limit of detection although 
they may still contribute to 
cumulative mixture toxicity. 


Transformation products need to 
be identified before they can be 


than chemical analysis for 
individual chemicals, in complex 
mixtures their detection limit is 
much better. 


Transformation products are 
accounted for by measurement of 


quantified. mixture toxicity, but individual 


contributions cannot be resolved. 


parameters of the entire burden of micropollutants in a given water sample 
(Figure 1.8). Effect-based sum parameters are weighted according to the toxic 
potency of each individual mixture component and are superior to chemical sum 
parameters, such as dissolved organic matter, where each component is weighted 
according to its amount contribution to the mixture regardless of differing 
individual toxicity. 

Biodegradation and advanced oxidation processes will lead to substantial 
formation of transformation products. Chemical analysis can only quantify 
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transformation products that are known beforehand and/or are present in relatively 
high concentrations. The identification of unknown transformation products is only 
possible with highly sophisticated approaches and instrumentation (Kern ef al., 
2009). As transformation products will contribute to the mixture toxicity, their 
effect can be quantified with bioanalytical tools although their quantitative 
contribution cannot be resolved. 


1.8 APPLICATIONS 


Bioanalytical tools have been applied widely to assess treatment efficiency of 
technical processes, particularly primary and secondary wastewater treatment 
(Prasse et al, 2015) (see Chapters 10 and 14 for more details). Advanced 
treatment using flocculation and oxidation by ozone followed by biological 
treatment has been shown to reduce specific toxicity (e.g., estrogenicity) to below 
the limit of quantification, and to substantially reduce non-specific toxicity (Kim 
et al., 2007; Tsuno et al., 2008; Escher et al., 2009; Stalter et al., 2011). In 2019, 
46 comprehensive studies were available that applied bioassays to assess the 
treatment efficacy of ozonation and activated carbon treatment (Volker er al., 
2019). Despite the observed reduction in toxicity, micropollutant concentrations 
were still found to be sufficiently high to elicit distinct responses in some of the 
selected bioassays. In this way, the bioassays enabled evaluation of the different 
steps of the treatment process. In a comparison of ozonation, ultrafiltration and 
reverse osmosis (RO), Cao et al. (2009) found RO to be the most efficient 
technology for removing genotoxicity, mortality of the water flea Daphnia 
magna, and effects caused by binding to the retinoic acid receptor (RAR). In 
another study, the final steps of treatment following RO removed residual effects 
even further, although many endpoints at this advanced stage of treatment fell 
below detection limits (Escher et al., 2011). 

The other main application of bioanalytical tools is to benchmark water quality. 
This can be done by comparison between sites and time of sampling. In the last 
years, effect-based trigger (EBTs) values have been developed that serve to 
differentiate between acceptable and poor water quality (see Chapter 13 for more 
details). Although EBTs have not yet been implemented in regulation, they are 
widely used for research purposes and various methods have been developed for 
their derivation. Most of the EBTs for drinking water have been developed by 
read across from drinking water guideline values, in some cases using 
toxicokinetic corrections. EBTs for surface water are also mainly read-across 
methods from guideline values and environmental quality standards but several 
methods specifically account for mixture effects. 


1.9 CONCLUSION 


Water samples contain an innumerable variety of contaminants from human 
activities, such as pharmaceuticals, personal care products, industrial compounds, 
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pesticides and others, as well as their many transformation products. It is thus 
impossible to analyse all contaminants in a water sample using chemical analysis 
techniques. Bioanalytical tools can detect both known and non-target chemicals, 
and also provide a measure of the potency of these chemicals to interact with 
biological targets, and ultimately produce an adverse effect in exposed organisms. 
Bioanalytical tools allow us to view the whole iceberg of micropollutants, not 
just the top part that we see through a conventional chemical analysis prism. 

Chemicals can affect living organisms via a range of modes of action. Some 
affect cause non-specific effects, which leads to cytotoxicity. Others will cause 
specific toxic effects, such as binding to a receptor or interference with enzyme 
function. Others yet can induce reactive toxicity, by interacting with cell 
components such as DNA, proteins and phospholipids. It is therefore important 
to consider and include multiple modes of action when designing a test battery. 
A test battery design can be motivated either by a specific protection goal, or 
focused on a specific mode of action, and there are a range of bioassays to 
choose from, from native cells to genetically engineered platforms. 

Yet bioanalytical tools also have their own limitations, including the fact that 
they do not resolve individual compounds present in the sample. Bioanalytical 
tools complement chemical analytical monitoring, greatly improving the overall 
assessment of quality of any water type, including wastewater, surface, drinking 
and reclaimed water. 

The aim of this book is to provide the reader with an in-depth perspective on 
the concepts and ideas in the application of bioanalytical tools to water quality 
monitoring, including practical advice on sampling, analysis and interpretation of 
effect-based monitoring. Ultimately, we want to enable the reader to apply 
bioanalytical tools for water quality monitoring. 


Chapter 2 
Risk assessment of chemicals 


2.1 INTRODUCTION 


There exist more than 175 million chemicals and over 350,000 chemicals and their 
mixtures have been registered in chemical inventories of 19 countries worldwide 
(Wang et al., 2020). We know still too little about the risk they may pose to 
humans and ecosystems. 

Risk in the context of chemicals is the probability of an adverse effect on humans 
or the environment occurring from exposure to chemicals. Risk assessment consists 
of an objective evaluation of risk, in which assumptions and uncertainties are clearly 
considered and presented. All activities, processes and products have some degree 
of risk. The ultimate aim of chemical risk assessment is to provide the scientific, 
social and practical information so that decisions can be made on the best way to 
manage chemicals. The use of quantitative risk assessment in decision making is 
becoming increasingly important as situations cannot be judged simply 
binomially as ‘safe’ or ‘unsafe’. Risk assessment of chemicals is based on 
scientific evidence, while risk management explores regulatory options by 
weighing risk assessment with political and socio-economic factors. 

The terms hazard and risk are frequently misunderstood and often incorrectly 
used interchangeably. A hazard is a substance or event that has the potential to 
cause harm. Risk is the probability or likelihood that this harm will occur. If 
exposure is low or absent, then the risk is correspondingly low or absent, 
irrespective of its potential to cause harm. In addition, if exposure is likely but 
the effects are low or absent, the risk is low. The concentration of a chemical 
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does not need to be nil necessarily, but it does need to be below a certain threshold 
level of toxicity. This is based on the premise that at very low doses, below that 
threshold, the chemical is considered to be safe over a lifetime of exposure. 
Carcinogenic chemicals are treated differently in risk assessment and are called 
*non-threshold chemicals’ because it is assumed that there is no safe concentration. 

Most countries have traditionally introduced separate legislations for risk 
assessment of chemicals related to the environment — ecological (or 
environmental) risk assessment (ERA) — and those related to human health — 
human health risk assessment (HHRA). While terminology often differs, the 
essential steps are the same in ERA and HHRA. The borders between ERA and 
HHRA were broken down with the implementation of the European legislation, 
REACH (Registration, Evaluation, Authorisation and Restriction of Chemical 
substances), where a coherent assessment strategy applies for both fields 
(EP&EC, 20062), and also the Australian Guidelines for Environmental Health 
Risk Assessment (enHealth, 2012). In keeping with this logical development, we 
have attempted to integrate ERA and HHRA in the following overview. There 
are differences, nevertheless. In HHRA we want to protect everyone, and 
especially the most vulnerable members of the human population, unborn 
children, mothers and the elderly from harm, while in ERA we want to protect 
most species and the ecosystem in its structure and functioning, but not each and 
every member of the ecosystem. 


2.2 CURRENT RISK ASSESSMENT OF CHEMICALS 


Risk assessment of chemicals encompasses the evaluation of impacts on human or 
environment health arising from exposure to those chemicals. In the estimation of 
risk, a number of steps are required, involving inputs from various disciplines. 
Regulatory risk assessment of chemicals in most jurisdictions follows the 
framework developed by the United States Environmental Protection Agency 
(U.S. EPA, 1976) in the late 1970s (Figure 2.1). This process was reaffirmed by 
the US National Research Council (NRC, 1983) and has since been adopted in 
many national regulations among them the European Union (European Chemicals 
Agency, 2011) and Australia (enHealth, 2012). 

Hazard identification sets the scene and is followed by parallel effect and 
exposure assessment (Figure 2.1). In the risk characterisation step, the probability 
of exposure is evaluated against the severity of effect and conclusions are drawn 
that inform risk management. The process is not linear, and includes feedback 
loops that engage stakeholders, risk assessors, scientists, risk communicators and 
communities (Figure 2.1). 

The various published versions of the four-step framework for risk assessment 
can be focused on environmental or on human health impacts, either from direct 
exposure (e.g., food and water consumption) or indirect exposure (e.g., air toxins, 
recreational exposure). Slight variations in the methods and terminology from this 
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Figure 2.1 Generic risk assessment framework including feedback loops. Adapted 
from enHealth (2012). 


basic framework have developed in different documents (e.g., ‘hazard 
identification’ is sometimes called ‘issue identification’, ‘effect assessment’ is 
sometimes called ‘hazard assessment’ and ‘risk assessment’ is sometimes called 
‘safety assessment’) but the principles remain similar. 


2.2.1 Hazard identification 


Hazard identification involves an issue identification step to define why a risk 
assessment is required and the concerns that the assessment is to address. Then, 
information on the inherent potential of chemicals to cause adverse effects is 
collected, including physicochemical properties, information on modes or 
mechanisms of toxic action, and human health and ecosystem effects. 

A crucial outcome of hazard identification is classification and labelling of 
chemicals and products. In terms of international trade, it is vital to implement an 
internationally accepted way of labelling. The GHS — ‘Globally Harmonized 
System of Classification and Labelling’ (United Nations, 2019) — is widely 
accepted and has been implemented in many national legislations, for example in 
2009 in the EU in the form of the Directive for Classification, Labelling and 
Packaging as an important complement to the European Chemicals policy 
REACH. In the GHS, criteria developed to assess the physical, health and 
environmental hazard of chemicals or products lead to a GHS label in the form of 
a pictogram (a stylised picture), a signal word and a hazard statement. A 
pictogram is printed on the packaging and provides an indication of the type of 
hazard the contents pose, for example, a dead fish with a dead tree indicates 
‘dangerous for the environment’. Examples of signal words are ‘danger’ for 
severe hazard categories or ‘warning’ for less severe hazard. A standard hazard 
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statement would be ‘toxic in contact with skin’ (hazard phrase H311) or ‘harmful to 
aquatic life’ (hazard phrase H402). 

An important component of hazard identification is also to assess the inherent 
properties of persistence (P), bioaccumulation (B) and toxicity (T) (EP&EC, 
2006b). Chemicals with a half-life in water of >40 days (EP&EC, 2006b), >60 
days (U.S. EPA, 1976; United Nations, 2009) or >180 days (Environment and 
Climate Change Canada, 2020) are considered to be persistent. The main 
criterion for bioaccumulation is that the aquatic bioconcentration factor (BCF) of 
22000 (EU) or >5000 (all other above-mentioned regulations, U.S. 1000—5000) 
and >5000 for ‘very bioaccumulative’ in the EU. A no observed effect 
concentration (NOEC) «0.1 mg/L for aquatic toxicity or evidence of 
carcinogenicity, mutagenicity or reproductive toxicity (CMR) classifies chemicals 
as toxic in REACH. 

If all three criteria are fulfilled, chemicals are considered PBT chemicals and a 
full chemical safety assessment (EU term for risk assessment) must be conducted 
(European Chemicals Agency, 2011). PBT and CMR chemicals are also added to 
the candidate list of substances of very high concern (SVHC) in the EU. SVHCs 
are intended to be phased out eventually, either by removing them from the 
market entirely (restriction) or allowing them for specific uses only (authorisation). 

PBT assessment is also essential for the international Stockholm Convention 
(United Nations, 2009), which has the goal of protecting humans and the 
environment from persistent organic pollutants (POP). In addition to being 
persistent, bioaccumulative and toxic, a POP must also have long-range transport 
potential, which means it can be found far away from its source. POPs such as 
organochlorines have been found in the polar regions due to their combination of 
longevity and physicochemical properties that makes them semi-volatile and 
hydrophobic (Wania, 2003). 


2.2.2 Effect assessment 


Dose—response assessment is the term normally used in HHRA and characterises 
safe levels of exposure to a variety of populations including children and the 
elderly. To define a safe level, experimental (animal) toxicity data are collected 
and extrapolated to a ‘derived no-effect level’ (DNEL) or ‘derived minimal effect 
level’ (DMEL) for cancer. Ecological risk assessment on the other hand seeks to 
protect a percentage (usually 95%) of species from adverse effects by deriving a 
‘predicted no effect concentration’ (PNEC) from experimental ecotoxicity data on 
selected species that are representative for the ecosystem. 

DNELs are derived from the lowest effect level identified in a large set of 
experimental acute and chronic animal toxicity studies (e, the lowest ‘no 
observed adverse effect level?’ (NOAEL) or ‘benchmark dose’ (BMD)) and 
applying relevant uncertainty factors (also called extrapolation, safety or 
assessment factors, Figure 2.2). The uncertainty factors can range from 10 to 
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Figure 2.2 Derivation of no-effect levels (NEL) in HHRA and PNEC in ERA. 


10,000 and account for extrapolation from animal studies to humans, from individual 
people to a whole population, for differences in exposure duration, quality and 
comprehensiveness of the database and for all other uncertainties related to 
extrapolation from a model system to a human population (Ritter et al., 2007). In 
HHRA, DNELs, also often referred to as ‘acceptable daily intake’ (ADD, 
‘tolerable daily intake’ (TDI) or ‘reference dose’ (RfD), are defined as intakes of 
chemicals in mg per kg body weight over a set window of time (usually a day, but 
sometimes a week in the case of tolerable weekly intake (TWD) that do not pose 
an appreciable risk over the lifetime of a person (typically 70 years). 

For the so-called ‘non-threshold effects’ (e.g., caused by carcinogens), the effect 
expected is based on the assumption that the risk is proportional to the dose at all 
low-dose levels. In other words, the sum of a number of small exposures has the 
same effect as one larger exposure. While the threshold model assumes very 
minor exposures are likely to have a negligible effect, it is believed that there 
is no safe level for carcinogens. A linear extrapolation from the BMDjo 
indicative of 10% tumour incidences to zero is therefore used to calculate a 
‘cancer slope factor’ (CSF) for non-threshold effects, such as chemically induced 
carcinogenesis. Cancer risk is usually reported as an additional number of people 
affected out of a million people per year, and ‘acceptable risk’ is determined by 
regulation as a likelihood of a deleterious health outcome of 10 ° (one in a 
million) (Australia, Europe for consumers) or 10^? (one in hundred thousand) 
(WHO, U.S., Europe for workers). 
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In ERA, the PNEC is commonly used as an effect measure. There are different 
approaches to calculating the PNEC, depending on the availability of toxicity 
data. When sufficient toxicity data are available (i.e., toxicity data of preferably 
more than 15 species from different taxonomic groups), 'species sensitivity 
distributions’ (SSD) can be used to derive the concentration that protects 95% of 
the species. However, if only acute toxicity data (e.g., effect concentration (EC) 
such as lethal concentration for 50% of the test species LCs) are available, then 
usually the lowest EC value from a minimum of three acute toxicity tests at 
different trophic levels (typically algae, water flea and fish) is used to extrapolate 
the PNEC with an uncertainty factor of 1000 to account for acute to chronic 
extrapolation, differences in species sensitivity, lab to field and single organism 
to ecosystem extrapolation, as necessary. 


2.2.3 Exposure assessment 


Exposure assessment determines the magnitude, frequency, character, extent and 
duration of exposure to a hazard for an exposed population. An initial 
requirement for exposure assessment is an understanding of the presence (or 
absence) of a chemical and its concentration and distribution in different 
environmental compartments (air, water, soil, sediment). In the absence of actual 
exposure data, mathematical models can be used to predict exposure. In these 
models the emissions are typically estimated from production volumes and 
knowledge on application and use of the chemicals, and multimedia fate models 
are used to evaluate the partitioning among different environmental compartments 
and the degradation processes in each compartment. From these models predicted 
environmental concentrations (PEC) are derived for multiple compartments. 

For HHRA, the uptake of chemicals from various sources (air, water, food) and 
via various exposure routes (inhalation, ingestion, dermal uptake) are combined to 
derive a total daily intake. 


2.2.4 Risk characterisation 


Risk characterisation is the final step in risk assessment and determines whether 
adverse health effects could occur at a particular exposure concentration. Risk 
quotients (RQ) as defined in Equation (2.1) are often used and are expressed as 
the ratio of the exposure to an acceptable effect level. In ERA the exposure level 
is the PEC and the acceptable effect level is the PNEC. 

exposure level 


= 2.1 
9 acceptable effect level ER 


Different terminologies for RQ are used in different legislation (e.g., hazard 
quotient (HQ) is used by some), but their meaning is essentially the same and the 
only requirement is that both terms used in their calculation, that is, exposure 
level and acceptable effect level, must have the same units, for example, aqueous 
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concentrations for risk to aquatic organisms or oral dose for HHRA. If RQ «1 no 
risk is expected. The margin of safety (MOS) or margin of exposure (MOE) is 
calculated as the inverse of the RQ if RQ «1. It gives a measure of how much 
difference there is between exposure and effect and is typically applied in 
HHRA: the larger the MOS, the less concern there is that a chemical might 
exceed the acceptable effect level. 

An RQ zl indicates a possibility of harm. Because exposure is likely to exceed 
the acceptable effect levels, there is a requirement for a more in-depth risk 
assessment and/or implementation of risk reduction measures. A chemical can 
have multiple RQs for different protection goals (e.g., human health or 
occupational health) and for different environmental compartment (e.g., water, 
air, soil, sediment). 

More recently, probabilistic methods have been introduced to better describe 
variability and uncertainty of the many factors influencing exposure and effects. 
Series of measured environmental concentrations or a Monte Carlo simulation of 
various predicted environmental concentrations from exposure models can be 
used to construct distributions of exposure levels. Distributions of effect data 
such as ECs and NOECs capture variability in species sensitivity. If the 
distributions of exposure and effect data overlap, there is a risk (Figure 2.32). 
Conversely, if the upper fifth percentile of the distribution of exposure 
concentrations and lower fifth percentile of distribution of effect data do not 
overlap, the chemical should be safe by the indicated MOS (Figure 2.3b). 

The process of risk characterisation integrates information from effect assessment 
and exposure assessment, provides an overview of the quality of the process and 
describes the risks to individuals, communities and populations. This is the 
information that is communicated to the risk managers. The summary should 
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Figure 2.3 Probabilistic risk assessment. (a) Distributions of exposure and effect 
concentrations overlap, indicating risk; (b) upper 5% percentile of distribution of 
exposure and lower fifth percentile of distribution of effect data do not overlap and 
a MOS can be derived. MOS = margin of safety. 


32 Bioanalytical Tools in Water Quality Assessment 


include a description of the key issues, and the overall strengths and limitations 
(including uncertainties) of the conclusions. This may well result in a requirement 
for additional information to improve the risk characterisation or may determine 
that no further actions are necessary with the available information. Thus, risk 
assessment is an iterative process where screening information is used to derive a 
precautionary initial assessment. If this step identifies a problem, a more refined 
assessment is carried out to reduce the uncertainty. 


2.2.5 Uncertainty analysis 


Given that all steps leading to risk characterisation apply simplified assumptions and 
generalisation, an uncertainty analysis is vital for risk assessment. Uncertainty may 
relate to lack of or limited knowledge of the true value of any parameters or 
relationships among parameters. Uncertainty can be caused by indeterminacy, 
when the true value of a parameter is not known, and variability, when the 
parameters cover a range, such as temperature, system homogeneity and species' 
and organisms' sensitivity. In response to the need for uncertainty analysis, the 
European Directive REACH has implemented a specific guidance document for 
uncertainty analysis (European Chemicals Agency, 2012). This is especially 
important when considering that the current international risk assessment have an 
asymmetric perspective because they minimise the likelihood of positive results 
by only continuing the process of the RQ >1 but stopping the process if RQ <1. 
Hence there could be a false-negative outcome and the reliability of the statement 
‘no risk’ remains unknown. 

An answer to uncertainty is the Precautionary Principle, which in its form as 
Principle 15 of the Rio Declaration (United Nations, 1992) reads as follows: ‘In 
order to protect the environment, the precautionary approach shall be widely 
applied by States according to their capabilities. Where there are threats of serious 
or irreversible damage, lack of full scientific certainty shall not be used as a reason 
for postponing cost-effective measures to prevent environmental degradation'. The 
Precautionary Principle goes back as far as 1974 as ‘Vorsorgeprinzip’ in the Clean 
Water Act of West Germany and was declared as basis of the European Union's 
environmental policy by the Maastricht Treaty in 1992. History has shown how 
damaging misuse or neglect of the Precautionary Principle can be when one 
chemical is banned but many others that are similarly acting are replacing the 
banned chemical (European Environment Agency, 2013). The Precautionary 
Principle was invoked for the first time formally in risk assessment in the 
European Union to ban the use of pentabromodiphenylether due to the high 
uncertainty concerning exposure of infants via mothers' milk as early as 2001. 


2.2.6 Risk management 


Risk management is a broader evaluation of the results of the risk assessment and 
takes into account not only the scientific data but also social, economic and 
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Figure 2.4 Risk assessment/risk management paradigm. Risk assessment and risk 
management are informed by each other and work towards ongoing improvement in 
the process. 


political considerations (Figure 2.4). Risk reduction measures can aim to replace a 
chemical or implement control strategies to minimise exposure. Safety standards are 
set by regulatory action and define safe levels of certain chemicals in various 
environmental compartments (see Chapter 3). 

Risk communication should be seen as a process to enable all stakeholders to 
make an informed judgement about a risk and its management. There are 
different perspectives to risk including actual risk, estimated risk and perceived 
risk. Thorough risk assessment and risk communication minimise the mismatch 
between the different perspectives. Risk management also monitors and evaluates 
the effectiveness of the actions. 


2.3 APPLICATION OF BIOANALYTICAL TOOLS IN 
CHEMICAL RISK ASSESSMENT 


In vitro methods can support risk assessment at all three main steps. During hazard 
identification, in vitro tools can provide an initial screening of potential toxic effects 
and classification of modes of toxic action. 

During effect assessment, in vitro methods can provide additional evidence to (1) 
identify mechanisms of chemically induced biological activity, (2) prioritise 
chemicals for more extensive toxicological evaluation and (3) develop predictive 
models of in vivo biological response (Shukla et al., 2010). 

During exposure assessment, in vitro methods can serve as markers of exposure, 
similar to biomarkers, if the relationship between chemical exposure and 
magnitude of effect in an in vitro assay is established. Under certain 
circumstances, in vitro methods may also serve as surrogates of chemical 
analysis, especially for highly specific bioassays that are affected by relatively 
limited numbers of contaminants. 

More recently, there have been first attempts to base the screening-level risk 
assessment solely on in vitro data. This is discussed in more detail in Chapter 9. 


Chapter 3 


Water quality assessment and 
whole effluent toxicity testing 


3.1 BACKGROUND 


Water quality refers to the physical, chemical and biological characteristics of water. 
For the purpose of this book the focus is on chemical water quality although it 
should be emphasised that protection from pathogens is a key concern in drinking 
water quality guidelines. Chemical quality encompasses salts, metals and organic 
compounds, and our focus is on organic micropollutants. 

The classical approach used for chemical water quality monitoring is to compare 
detected individual chemical concentrations measured by targeted chemical analysis 
to chemical guideline values (GVs) or standards. Safety standards are defined to 
protect humans and the environment from unwanted chemicals and are the 
foundation of water quality-based pollution control. There are several levels of 
control (van Leeuwen and Vermeire, 2007): 


* Water quality criteria are based on data, scientific judgement, 
environmental and human health effects and provide guidance for 
regulators when they are setting the standards, but they are not laid down 
in any legislation. Despite this they provide a valuable tool in the 
management of water pollution. 

* Water quality guidelines provide recommendations on safe levels, but they 
are not legally enforceable. They provide targets but exceeding them does not 
necessarily result in clean up or enforcement actions. 

* Water quality standards (QS) are upper exposure limits that are enshrined 
in legislation. They are based on water quality guidelines or derived from 
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scientifically based water quality criteria both by applying safety factors and 
by political decision making. 


The U.S. and European Countries have defined national standards for drinking 
water quality: the National Primary and Secondary Drinking Water Regulations 
as part of the Safe Drinking Water Act in the U.S. and the Drinking Water 
Directive 2020/2184 of the European Parliament and of the Council (EP&EC, 
2020). Australia (NHMRC, 2011) and Canada (Health Canada, 2020) on the other 
hand rely on the guideline approach at the national level, which some 
states/provinces have adopted, upon which they become legally binding 
standards. The World Health Organisation has also defined drinking water 
guidelines (WHO, 2017b). While these are evidently not legally binding standards, 
they are meant to assist policy makers in the development of national standards. 

There are guidelines for recycled water in some parts of the world. For example, 
Australia has guidelines for potable water reclaimed from sewage (NRMMC/ 
EPHC/NHMRC, 2008), stormwater harvested for reuse (NRMMC/EPHC/ 
NHMRC, 2009b) and managed aquifer recharge (NRMMC/EPHC/NHMRC, 
20093). The WHO has the ‘Potable Reuse: Guidance for Producing Safe 
Drinking-water (WHO, 2017c). Some U.S. states also have their own refined 
guidance documents, for example, the *Water quality control policy for recycled 
water' for the State of California (State Water Resources Control Board, 2019). 

Surface water guidelines and/or standards are intended to protect aquatic 
ecosystems. They can have the character of standards, such as in the Water 
Framework Directive (WFD) of the European Union (EP&EC, 2000) or 
guidelines, such as the Australia and New Zealand Guidelines for Fresh and 
Marine Water Quality (Australian Government, 20182). 

These documents provide frameworks for managing water quality, including by 
setting chemical guideline/standard values for a range of chemicals. The WFD 
contains environmental quality standards (EQS) for (groups of) 45 priority 
substances (EP&EC, 2013), while the Australian Guidelines for Water Recycling 
for Augmentation of Drinking Water Supplies (NRMMC/EPHC/NHMRC, 
2008) provide guidelines for over 200 chemicals. Chemical guidelines cannot 
possibly capture all chemicals potentially present in water, including 
contaminants of emerging concern. Consequently, the recent revision of the EU 
Drinking Water Directive allows risk-based monitoring approaches, provided that 
they ensure full protection of public health (EP&EC, 2020). This revision allows 
monitoring programmes to focus on chemicals that are relevant for a specific 
water system. 


3.2 DERIVATION OF GUIDELINE VALUES 


There is similarity in the approaches for drinking water and surface water despite the 
difference in protection goals (Figure 3.1). Drinking water GVs are typically derived 
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Figure 3.1 Guideline values for single chemicals for drinking water and surface water 
and how they are derived from in vivo toxicity data. NOAEL — no observed adverse 
effect level, NOEC = no observed effect concentration, SSD = species sensitivity 
distribution. 


from an acceptable daily intake (ADI-also sometimes referred to as tolerable daily 
intake (TDI) or reference dose (RfD)), which itself is usually derived from a no 
Observed adverse effect level (NOAEL) established from animal toxicity testing 
and extrapolated to a human context (WHO, 2017b, Baken et al., 2018). The 
ADI represents a daily intake that can be ingested over a lifetime without adverse 
health effects. The ADI is multiplied by the average human body weight 
(typically 60—70 kg) and divided by water consumption (typically 2 L/day) to 
derive a safe concentration in water. This safe concentration is also often 
multiplied by a relative source contribution factor to account for other sources of 
exposure (not shown in Figure 3.1). 

Surface water GVs are derived from no observed effect concentrations (NOECs) 
using species sensitivity distributions (SSD) or extrapolation methods (European 
Commission, 2011; Australian Government, 20182) (Figure 3.1). 


3.3 HUMAN USE OF WATER 


Many chemical guidelines have been developed from risk assessment processes 
based on typical exposure scenarios. For humans, the exposure is usually based 
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on a daily consumption of 2 L of water per day over a lifetime, typically 70 years. 
This information is used on the assumption that there will be no toxicological effects 
despite continuous exposure over the entire lifetime. Human health standards in 
food, water and air are based on the fact that for the vast majority of chemicals 
there is a safe level of exposure, below which no adverse health effects occur. 
Chemicals can sometimes be grouped with a typical compound used to represent 
the whole group, such as, for example, benzo[a]pyrene for polycyclic aromatic 
hydrocarbons (PAHs). 


3.3.1 Drinking water 


Drinking water can come from a range of sources including surface water (streams, 
rivers and/or lakes), groundwater or rainwater directly. It can also be sourced from 
seawater or wastewater treated and purified for human consumption. There are 
growing numbers of chemical GVs and standards emerging, but the list of 
regulated chemicals is often based on chemicals found in pristine water sources, 
which are not applicable to less conventional water sources. Not all chemicals 
have standards or guidelines if they are reasonably expected not to occur in a 
drinking water source. Increasing global human population now encroach on 
water catchments, with impacts from urban development, agriculture and forestry, 
and seepage from landfill and runoff from mining to name just a few. In 
many low- and middle-income countries there is simply insufficient access to safe 
water sources causing local human populations to use water of impaired quality. 
It is important to note that some chemicals do not have water quality criteria 
because we do not yet have sufficient toxicological data to establish them. The 
current World Health Organisation guidelines (WHO, 2017b) emphasise 
preventative management of drinking water quality and the use of multiple 
treatment barriers. 

The Safe Drinking Water Act implemented by the United States Environmental 
Protection Agency (U.S. EPA) sets legal limits on certain contaminants in drinking 
water. They define the drinking water equivalent level (DWEL) as the concentration 
in drinking water that over a lifetime exposure is protective of human health, at least 
for threshold chemicals (i.e., non-carcinogenic chemicals). The DWEL reflect the 
best available technology at the time and are subject to ongoing review. In 
addition to the legal limits, the U.S. EPA determines water testing schedules and 
methods that water providers must follow. Updated drinking water standards and 
health advisories have recently been published by the U.S. EPA (2018). 

In Europe, EU member states must comply with the EU Council Directive on the 
quality of water intended for human consumption (EP&EC, 2020) but they can have 
separate national regulations, provided they comply with the overarching Directive. 
The Directive requires a regular monitoring programme using the analytical 
methods specified therein, or equivalent methods. In the previous version, only 
few organic contaminants were specifically regulated in the EU. The broad 
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standard for individual pesticides was initially set in 1998 at 0.1 ug/L with all 
pesticides combined not exceeding 0.5 ug/L (EP&EC, 1998). The 2020 revision 
of the Directive laid down the essential QS at EU level (EP&EC, 2020) that were 
derived from the WHO drinking water guidelines requiring monitoring and 
regular testing of 48 microbiological, chemical and indicator parameters. 

The Australian Drinking Water Guidelines (ADWG) are built around a 12-point 
framework for the management of drinking water quality (NHMRC, 2011) and 
provide the Australian community and water industry with guidance on the 
provision of safe drinking water. The ADWG are part of the National Water 
Quality Management Strategy (NWOMS, Australian Government, 2018b), a 
nationally coordinated framework to facilitate consistent water quality 
management across different types of waters (fresh water, marine water, 
groundwater, estuarine water and recycled water) intended for a variety of uses 
(for drinking, the environment, primary industry, recreation, industry and cultural 
and spiritual values). The ADWG are subject to a rolling revision process with 
regular amendment, the latest being from 2018, and the GVs have been 
risk-based all along (NHMRC, 2011). The ADWG are intended to provide a 
framework for good management of drinking water supplies that, if implemented, 
will assure safety at the point of use. The ADWG does not provide mandatory 
standards but gives guidance to agencies that have responsibilities associated with 
the supply of drinking water, including catchment and water resource managers, 
water regulators and health authorities in the states and territories of Australia. 


3.3.2 Recycled water, stormwater and managed aquifer 
recharge 


Similar to the WHO and ADWG, the Australian Guidelines for Water Recycling 
(AGWR, phases 1 and 2, NRMMC/EPHC/AHMC 2006; NRMMC/EPHC/ 
NHMRC 2008, 2009a, 2009b) are based on a preventative approach to water 
safety management. Phase 1 of the AGWR provides a generic framework for 
management of recycled water quality that applies to all combinations of recycled 
water and end uses. These guidelines provide specific advice on the reuse of 
treated sewage and grey water for purposes other than drinking and 
environmental flows. Phase 2 extends the guidance in phase 1 on the planned use 
of reclaimed water from sewage and stormwater to augment drinking water 
supplies. The document focuses on the source of the water, initial treatment 
processes and the blending of the water with drinking water sources 
(NRMMC/EPHC/NHMRC, 2008). There is an increasing emphasis on the use 
of a multi-barrier approach in preventing water quality incidents, rather than a 
response when one occurs. 

The AGWR phase 2 (NRMMC/EPHC/NHMRC, 2008) provide significantly 
more GVs than the existing ADWG. This is because the source waters, in this 
case sewage and stormwater, are expected to contain a broader range of chemical 
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contaminants than conventional drinking water sources such as protected surface 
water catchments. The process for setting these guidelines is a hierarchical 
decision tree involving a number of steps including determining a list of 
chemicals of interest, if there is an existing guideline, if the chemical is a 
pharmaceutical and if there is health and toxicological information on which to 
base the setting of a guideline. In the absence of these data it is then determined if 
the chemical is likely to cause cancer, in which case it would be classified as 
having no threshold of effect. If it is not causing cancer, then a threshold of 
toxicological concern can be calculated as a conservative estimate of safe 
concentrations and used together with exposure assessment data as a basis for risk 
characterisation. This is a precautionary approach and protective of public health. 


3.3.3 Dealing with unregulated chemicals in water 


A serious drawback of most drinking water regulations is that they cannot react 
promptly to contaminants of emerging concern. The AGWR (NRMMC/ 
EPHC/NHMRC, 2008) and Schriks er al. (2010a) have proposed an pragmatic 
approach to derive provisional drinking water GVs for unregulated chemicals 
once they have been detected in drinking water in the absence of statutory GVs 
and this work was updated recently (Baken et al., 2018). The approach prioritises 
avalable ADI, RfD or TDI values, and if those are not available, ADIs are 
calculated from available toxicity data or, if needed, thresholds of toxicological 
concern (TTC). When comparing GVs derived via this approach with measured 
water concentrations of emerging pollutants, there is often a substantial margin of 
safety between the measured water concentration and the provisional GVs, so that 
there is no immediate action necessary (Schriks er al., 2010a, Baken er al., 2018). 
As mixtures become more and more complex and as derivation of health-based 
GV entail a risk-based approach, Dingemans et al. (2019) also suggested that 
effect-based methods might be implemented in future drinking water legislations. 


3.4 AQUATIC ECOSYSTEMS 


The overarching goal of water quality risk assessment for ecosystems is to protect 
biodiversity. A very important component of this is a thorough characterisation of 
the ecosystem at risk and the environmental value placed on that ecosystem. 
Environmental values are defined as values of the environment used for a healthy 
ecosystem or for public benefit, welfare and safety and that require protection. 
Important environmental values include aquatic ecosystems, primary industries, 
recreation and aesthetics, and cultural and spiritual values (Australian 
Government, 20182). All water resources are subject to at least one environmental 
value and in most cases several apply. 

In the U.S. the Federal Water Pollution Control Act (U.S. EPA, 1976) from 1948 
with amendments through to 1987 (now the Clean Water Act CWA) employs a 
variety of regulatory and non-regulatory tools to reduce direct pollutant discharges 
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into waterways and to manage pollutant runoff. The intention is to provide a range of 
tools to achieve the broader goal of restoring and maintaining the chemical, physical 
and biological integrity of waters that can support aquatic life. In the earlier years of 
the legislation there was a focus on regulating discharges from point sources such as 
municipal sewage treatment plants and industrial facilities. Since the 1980s efforts to 
reduce non-point source pollution (e. g., from runoff) have been introduced including 
cost sharing with landowners as a key tool. Under the CWA, the U.S. EPA has 
implemented control programmes such as setting water QS (U.S. EPA, 2018). 
This includes numeric and narrative water quality criteria, for example, ‘waters 
shall be free from toxic pollutants in toxic amounts'. Whole effluent toxicity 
(WET) testing, which is described in more detail in Section 3.6, is an important 
component of the National Pollutant Discharge Elimination System. The most 
recent update (2015) includes 50 chemical CMCs (criterion maximum 
concentration) for the protection of aquatic life. 

In Europe, the WFD (EP&EC, 2000) has set a goal to achieve “good ecological 
status’ and “good chemical status’. Good chemical status equates to achieving the 
QS established for chemical substances at the European level. 45 priority 
substances have been assigned EQS (EP&EC, 2013), which have been derived 
according to a technical guidance document for the derivation of EQS (European 
Commission, 2011). In addition, there is a surface water ‘watch list’ of potential 
water pollutants that are monitored to determine the risk they pose to the aquatic 
environment and whether they should be included in the priority list. The EQS 
are linked with emission limit values and discharge permits to ensure compliance 
with the WFD. In the technical guidance document, QS are defined for the three 
environmental compartments water, sediment and biota, considering the various 
receptors at risk (humans, benthic biota, pelagic biota and top predators (birds 
and mammals)) QS for biota refer the consumption of fish by humans or 
secondary poisoning of aquatic organisms. Not all combinations of compartment 
and receptor require the definition of QS for a given chemical in relation to the 
physicochemical properties that define its environmental fate. However, if several 
combinations are relevant, for example, for a hydrophobic and bioaccumulative 
chemical, the QS are derived for all compartments and QSpiota and QS.caiment are 
translated to water concentrations. The lowest of these values is adopted as the 
overall EQS. The effect assessment conducted in REACH (EP&EC, 20062) and 
the approach to estimate the QS share many principles of derivation. There are 
two types of EQS defined in the WFD: 


* theannual average EQS (AA-EQS) refer to the annual average concentrations 
and are derived from chronic toxicity data, and 

* the maximum acceptable concentrations EQS (MAC-EQS) refer to the 
maximum concentration measured and are derived from acute toxicity data. 


Von der Ohe et al. (2011) evaluated and prioritised 500 existing and emerging 
micropollutants with this method and found in a monitoring study covering four 
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European river basins that 44 of these 500 micropollutants exceeded the tentative 
EQS, most of them pesticides. Monitoring of 223 pollutants at 4000 sites 
confirmed that European freshwater is under pressure and that poor chemical 
status was associated with poor ecological status (Malaj er al., 2014). 

In Australia, all water quality is managed within the NWQMS (Australian 
Government, 2018b), as noted above. The Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality (Australian Government, 20182) 
provide specific guidance to manage fresh and marine water quality for a variety 
of uses, including the protection of aquatic ecosystems. There are default GV for 
various stressors but site-specific GV are recommended that are relevant to local 
conditions. Where possible, default GVs are derived using the SSD approach; for 
chemicals with insufficient toxicity data for an SSD approach, GVs are derived 
from predicted no effect concentration (PNEC) using an assessment factor 
approach. (ANZECC/ARMCANZ, 2000). The national guidelines are not 
mandatory. Their enforcement is a state or territory responsibility through their 
legislation. This extends to the requirement for WET testing (referred to locally 
as direct toxicity assessment (DTA); see Section 3.6), which has now been 
incorporated into discharge licences in various parts of Australia under state and 
territory legislation for discharge to aquatic ecosystems. The most recent update 
(2018) includes 138 default GVs for chemicals or chemical groups. 


3.5 COMPARISON OF ENVIRONMENTAL AND DRINKING 
WATER GUIDELINE VALUES 


It might come as a surprise but for many chemicals the drinking water GV are higher 
than their equivalent GV for the protection of aquatic ecosystems. For example, 
Figure 3.2 compares WHO drinking water guidelines (WHO, 2017a, 2017b, 
2017c) with the relevant European EQS values. This difference can be 
rationalised by the fact that environmental GVs need to protect the most sensitive 
aquatic species and that aquatic organisms are continuously exposed to the water 
in which they live, while drinking water GVs protect just one species (humans) 
only intermittently exposed to the water when they drink (an average of 2 L/day). 


3.6 WHOLE EFFLUENT TOXICITY 


Whole effluent toxicity (WET), whole effluent assessment (WEA) and direct 
toxicity assessment (DTA) all refer to the assessment of the combined toxicity of 
the mixture of all micropollutants in an effluent sample to aquatic organisms 
using a suite of standardised aquatic toxicology assays (Gruiz et al., 2016). WET 
testing has become an important component of the municipal and industrial 
National Pollutant Discharge Elimination System (NPDES) in the U.S. (Grothe 
et al., 1995) and as WEA in the European Union. The Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality (Australian Government, 
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Figure 3.2 Comparison of environmental quality standards (EQS) from the EU's Water 
Framework Directive or Swiss law with drinking water guideline values (DWGV; WHO 
2017b). Data compiled in the Supplementary Information of Escher et al. (2018). 


2018a) recommend the use of DTA both to monitor the impact of environmental 
discharges as well to derive site-specific guidelines together with measurements 
of single chemicals and biological monitoring (van Dam and Chapman, 2001). 

The primary purpose of WET testing is to confirm that effluents discharged into 
receiving waters do not adversely affect aquatic life. An advantage of testing whole 
effluents is that it integrates the effect of all of the constituents in discharge water. 

Typical aquatic toxicology tests are presented below. These test systems are 
applied both for environmental risk assessment of chemicals (Chapter 2) and for 
derivation of water quality criteria/standards, as well as for WET testing using 
effluents or complex mixtures, but the focus of the sections below is on their 
application in WET. 


3.6.1 Test systems in aquatic ecotoxicology commonly 
applied to WET testing 


Acute and chronic WET testing methods had their beginnings in the 1950s and 
1980s, respectively (Grothe et al., 1995) and were used to estimate the toxicity of 
wastewaters. WET testing evaluates the adverse effects or toxicity to a population 
of aquatic organisms determined experimentally in the laboratory with surrogate 
organisms believed to be representative of those in the environment exposed to 
the effluent discharge. This enables a situation-specific assessment. The method 
can be used, for example, to derive guidance on the amount of dilution required 
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to safely discharge an effluent to an aquatic environment or monitoring the 
effectiveness of an effluent discharge management programme. The method can 
also be used as a monitoring tool, testing ambient water that has or is suspected 
of receiving a chemical pollutant discharge. More recently there had been a move 
towards application of alternative test methods to WET to reduce animal testing 
(Norberg-King et al., 2018). 

Acute toxicity of effluents is generally measured using the original sample and a 
minimum of five dilution concentrations. The tests are designed to produce 
concentration-effect data expressed as a per cent dilution that is lethal (or causes 
the defined effect) to 5096 of the test organisms within a specified time interval 
(24-96 h) or the highest concentration that is not statistically different from the 
control (NOEC). A negative result in a single acute test does not preclude the 
possibility of chronic toxicity or the possibility of temporal variability in an 
effluent discharge. It also does not preclude the possibility of effects with some 
taxonomic groups (e.g., plants) but not others (e.g., fish or crustaceans). 

If toxicity tests are performed with single species, they should be representative 
of the different trophic levels, that is, the position in the aquatic food chain. The three 
most common taxa considered in aquatic toxicology are green algae as 
representatives of primary producers, aquatic invertebrates such as water fleas as 
primary consumers, and fish as aquatic vertebrates and secondary consumers 
(Figure 3.3). 

Typical test species in the U.S. EPA ‘Methods for Measuring Acute Toxicity to 
Freshwater and Marine Organisms' (U.S. EPA, 2002a) include freshwater species 
such as water fleas (Ceriodaphnia dubia and Daphnia ssp.) and fish species 
including fathead minnow (Pimephales promelas) and rainbow trout 
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Figure 3.3 Representative test organisms in aquatic toxicology, representing 
different trophic levels: algae, water flea (Daphnia) and fish also simulate a 
simplified food chain. 
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(Oncorhynchus mykiss) Marine species include fish such as the sheepshead 
minnow (Cyprinodon variegates) and silverside (Menidia spp.), and the mysid 
shrimp (Americamysis bahia). Chronic toxicity testing is also conducted using 
similar species but also including the freshwater algae (Selanastrum 
capricornutum) for growth, and the sea urchin (Arbacia punctulata) fertilisation 
test (U.S. EPA, 2002b). Correct endpoint selection is critical to estimate the 
sample effect concentration and to enable management strategies to be developed. 
The use of standardised species and testing methods is advantageous in that the 
results can enable comparison between effluents from different industries and will 
lead to sound scientific data, however, they may be less relevant to specific sites 
of interest in that endemic species may differ in sensitivity. The methods do, 
however, allow for prediction of a safe concentration for similar species so is still 
useful as a screening approach. 

There are several standardised guidelines for toxicity testing of aquatic species 
(OECD, 2006) and the International Organisation for Standardization (ISO) has 
provided a number of guideline documents on water quality testing that have 
been either directly adopted or further adapted by national bodies (e.g., DIN in 
Germany, ASTM International in the U.S.). For algae, an exposure period of 72 h 
followed by assessment of the inhibition of growth rate or biomass yields an 
ECs value (effect concentration for effect on 50% of the population; for 
definition see Chapter 7) that is considered to represent the acute toxicity towards 
algae, and the NOEC of the same concentration-effect curve is considered as the 
chronic endpoint (ISO8692, 2004; OECD, 2011). For the water flea Daphnia 
magna, the most popular invertebrate in ecotoxicity testing, the ECso for 
immobilisation after exposure of 24 hours to the chemical is taken as indicator of 
acute toxicity (1806341, 1996), and the NOEC for the reproductive success 
(number of progeny per adult) after 21 days of exposure is considered 
representative of chronic toxicity (15010706, 2000). 

The acute toxicity test for adult fish generally lasts 96 hours and allows the 
derivation of the LCso, that is the concentration that is lethal for 50% of the test 
fish (OECD, 1992; ISO7346-3, 1996). Warm-adapted fish species are often used, 
such as fathead minnow or guppy, but many national regulations prefer the use of 
more representative native species. Toxicity testing with fish should ideally be 
performed in flow-through aquaria to ensure that the chemical exposure is 
constant during the entire experiment. Since the life cycle of a fish may be 
several years, chronic toxicity testing is limited only to sensitive life stages, 
usually early life stages. Ethical issues with vertebrate testing have put more 
pressure on replacing standard in vivo fish tests with alternative test methods. The 
‘early life stage test’ evaluates the embryo and egg yolk larvae stage for 
mortality, growth and deformation (18012890, 1999). The early part of this test, 
the ‘fish embryo test’ (FET), which uses fish embryo up to hatching, is 
considered an in vitro method in most legislations (OECD, 2013). This is 
discussed further in Section 3.6.4. 
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A WET testing study of effluent from various wastewater treatment plants 
(WWTPs) in Sydney, Australia, serves as an illustrative example (Bailey et al., 
2005). Effluent samples were tested with the acute toxicity test over 48 hours 
with the water flea C. dubia. An effluent sample collected from one WWTP 
exhibited acute toxicity to C. dubia as part of a routine screening programme. 
The effluent sample tested was a composite of surface water grab samples 
collected from the discharge stream. The 48 h-LCs for C. dubia test was 31.9% 
effluent, thus the pure effluent would be almost fully lethal for this species. A 
toxicity identification evaluation (TIE) identified  chlorfenvinphos, an 
organophosphorous insecticide from a pet grooming business, as the source of the 
high toxicity (Bailey et al., 2005). 


3.6.2 In situ WET testing 


Standardised laboratory tests combined with chemical characterisation of effluents 
can be used to predict safe discharge concentrations to a receiving environment 
based on the amount of dilution expected to occur on discharge. Field validation 
of laboratory results is required to gain confidence in the ability of the laboratory 
methods to extrapolate to field effects. For a controlled discharge of effluents, the 
amount of dilution required can be calculated from the laboratory WET testing 
combined with field studies. This can include the use of caging animals in the 
field (Lazaro-Cote et al., 2018), and would typically involve having a series of 
cages from the point of discharge to a predicted safe distance downstream in a 
river for example, or beyond the mixing zone in the case of lakes and ocean 
outfalls, to test the accuracy of the dilution prediction for the concentration of 
contaminants to become acceptable. After an appropriate period of exposure 
(determined by site and species) the animals are brought back to the laboratory 
and examined for effects and biomarkers. 

Meso- and macrocosms, enclosed experimental environments that replicate 
larger ecosystems, are viable at least over one growth period (6-8 months), 
although they rarely include higher vertebrates such as fish and reptiles. Finally, 
outdoor bypass systems and field studies encompass the interactions in the 
community and indirect effects such as predation, but the drawbacks are the low 
number of possible replicates and high costs. 


3.6.3 Biomarkers in WET testing 


WET testing is based on standard testing methods that can consist of measuring a 
range of endpoints including biomarkers of exposure and of effect (or sometimes 
both) such as vitellogenin (egg protein) induction in male fish (Sumpter and 
Jobling, 1995), or biochemical markers in liver and kidneys in fish (Petala et al., 
2009). This may require sacrificing test animals or taking of fluid samples such 
as blood, however, this is seen as more acceptable than conducting experiments 
on live animals. Biomarkers are a popular means of quantifying exposure to 
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chemicals. For example, the induction of the egg yolk protein vitellogenin in male 
fish is an indicator of the presence of estrogens and xenobiotic estrogenic 
compounds in water (Jobling and Tyler, 2003). 


3.6.4 ‘WET testing’ using bioanalytical tools 


In vitro bioassays normally require sample extraction and enrichment (e.g., 
solid-phase or liquid-liquid extraction, see Chapter 12) to compensate for the 
dosing factor in the assay medium. This has drawn some criticism because some 
compounds (e.g., inorganics and metals) are lost during the extraction step. As 
discussed earlier, bioanalytical tools are particularly useful to assess organic 
chemicals in water because of the sheer number of chemicals that may be present. 
Other inorganic water pollutants, such as metals, are more limited in number and 
can be analysed by already exquisitely sensitive methods. Nevertheless, several 
bioanalytical tools can and have been used in WET testing. 

A small number of cell-based bioassays are classified as whole organism tests 
(e.g., the Microtox assay based on bacteria, and chlorophyll fluorescence assays 
based on green algae), and several studies have applied those alongside with 
more conventional WET tests to a variety of whole effluents (Chang er al., 1981; 
Dizer et al., 2002; Latif and Licek, 2004; Zurita et al., 2019). 

A few studies have even adapted other bioanalytical tools to a WET format, 
although some minimal sample preparation is often still required, for example, 
filtration, pH adjustment, addition of powdered medium (Wagner and Oehlmann, 
2009; Zegura et al., 2009; Niss et al., 2018). The introduction of whole effluent 
into in vitro assays can, however, result in unpredictable effects that are not 
necessarily associated with actual toxicity, but side effects caused by the matrix. 
This requires thorough testing and validation of robustness to matrix interference. 

The FET is a short-term toxicity test on embryo and sac fry stages of fish that may 
serve as an ethical alternative in WET testing (Norberg-King et al., 2018). In this test 
the embryos of the zebrafish (Danio rerio) or another fish species are exposed in 
24-well plates to a range of dilutions of wastewater. A variety of parameters are 
observed frequently during the course of the exposure. These parameters include 
survival/mortality at the different stages, time to hatching, length, morphological, 
physiological (e.g., heart rate) and behavioural abnormalities. For wastewater, a 
shortened 48 h exposure standard test on the egg stage alone has been established 
by the ISO (ISO15088, 2007). The zebrafish FET has been mandatory in 
Germany for testing wastewater discharges since 2005 and has fully replaced the 
96-h acute toxicity test on adult fish. 

Lahnsteiner (2008) applied the zebrafish FET to screen wastewater quality and 
compared the obtained results with acute toxicity testing with adult fish. Six types 
of wastewater were sampled from Austrian factories involved in industrial 
processes from the internal sewage collection point in each factory and from the 
receiving environment from the sewage treatment plant. For dilution of the 
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wastewater samples, groundwater was used. Acute toxicity tests for the fish eggs 
were conducted using exposure for 48 hours and the results reported as ECs, 
values. Embryos were defined as 'dead' when they showed no heartbeat, no 
somites were differentiated, egg yolk material was coagulated, or the tail was not 
detached from the yolk sac. Most investigated wastewaters did not affect 
zebrafish embryo viability. Only undiluted or marginally diluted wastewater from 
hide tanning and galvanising metal industries induced effects in the FET. The 
FET and acute adult fish toxicity agreed fairly well in this study. Gartiser et al. 
(2009) applied the FET with zebrafish to a wider range of industrial effluents and 
compared with other in vivo tests such as toxicity towards algae and water flea. 
Algae turned out to be the most sensitive endpoint but as they cover a different 
spectrum of pollutant and effects by colour cannot be excluded, the authors 
recommended the use of a comprehensive test battery. 

The FET has also been applied to investigate the success of advanced water 
treatment. Cao ef al. (2009) investigated the WET of secondary effluents treated 
with chlorination, ozonation and UV irradiation using the FET with Japanese 
medaka. While the controls and reverse osmosis permeate had >90% hatching 
success, this was reduced to less than 40% in the secondary effluent. All 
oxidative treatment steps reduced the toxicity towards embryos with a hatching 
success increasing from 45 to 65% after treatment. Parallel to the decrease 
hatching success, the percentage of dead and abnormal embryos was increased as 
compared to the controls. Another study applied the FET with rainbow trout 
(Oncorhynchus mykiss) eggs on a full-scale wastewater treatment plant with an 
additional ozonation and sand filtration step (Stalter et al., 2010a, 2010b). All 
waters had to be filtered as the raw water caused severe effects due to microbial 
contamination. The membrane-filtered water did cause a slight time delay in 
hatching, especially for ozonated wastewater but still between 70 and 80% of 
larvae hatched as compared to 90% in the control. Only after the larvae 
transitioned to the juvenile stage and started to feed were more significant effects 
after ozonation observed, although those effects disappeared again after the 
subsequent sand filtration. In both of these studies, water concentrated by 
solid-phase extraction was tested with cell-based assays in parallel to the FET 
assay. In vitro tools and the FET gave complementary information on groups of 
chemicals being reduced (or not) with the different treatment and the overall 
effect of the treated water, which can also be caused by mobilised organic matter 
and transiently formed polar and reactive metabolites. 


3.7 CONCLUSIONS 


It is likely that chemical-by-chemical risk assessment for new and emerging 
chemicals using whole animals will continue for some time yet for registration 
purposes and where there are a single or limited number of chemicals being 
discharged from a specific point source. Likewise, chemical GV will continue to 
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be an important regulatory tool to assure good water quality for different uses. 
However, as we realise that we are not exposed to single chemicals but rather 
complex mixtures in real life and as alternatives to animal testing gain 
momentum, this is likely to change (Norberg-King ef al., 2018). Already, some 
guidelines recommend the use of both in vivo and in vitro bioassay methods for 
monitoring purposes. The concept of WET testing relies on testing 
non-concentrated water and can be applied to a variety of test systems. It is the 
test media that separates WET from other methods rather than the actual 
endpoints themselves. WET testing has some parallels with bioanalytical methods 
in that it can measure the aggregate effect of a range of chemicals in a mixture. 
The limitation, however, is that when chemicals occur at trace concentrations 
(e.g., pg/L or ng/L) whole-organism tests may not be sensitive enough to detect 
those minor changes in water quality, which is dominated by bulk properties such 
as salinity, pH or organic matter. A combination of WET testing methods with 
the bioanalytical methods presented in this book may provide a very powerful 
approach as neither one can replace the other but they provide complementary 
information. 


Chapter 4 


Modes of action and toxicity 
pathways 


4.1 INTRODUCTION 


When humans or wildlife are exposed to chemicals, several barriers must 
be overcome before a chemical can elicit an adverse effect. The processes that 
occur between exposure to that chemical and the adverse cellular effect can be 
broken down into two phases: the toxicokinetic and toxicodynamic phases 
(Figure 4.1). 

The toxicokinetic phase describes all processes that link the external exposure 
(e.g., via drinking water) to the biologically effective concentration within the 
cell. Toxicokinetics encompass absorption and excretion, and internal distribution 
and metabolism of a chemical within the whole body and within cells. 

The toxicodynamic phase describes the cellular toxicity pathways taking place 
inside the cell starting with the initial molecular interaction of the chemical and 
its biological target. These interactions can induce cellular defence mechanisms 
and other cellular responses that ultimately lead to observable toxic effect(s). 

For the application of bioanalytical tools to be meaningful, the selected 
assays must cover not only well-defined toxic mechanisms but also relevant 
toxicokinetic steps. Cells can be thought of as simple models of organisms that 
simulate many crucial processes. The lipid bilayer of the cell membrane is a major 
barrier to chemical exposure. This is the main reason for advocating for the use 
of whole-cell bioassays for the assessment of environmental samples and for 
advising against molecular-based cell-free bioassays such as enzyme or receptor- 
binding assays, which do not include a toxicokinetic component. 
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Figure 4.1 Pathway from exposure to effect. Adapted from Escher and Hermens 
(2002). 


Cell-based bioassays can yield information on both the general toxicity to cells 
(cytotoxicity) and on specific modes of action (MOA). This is important because 
groups of chemicals with common MOA act together in mixtures by 
concentration addition (Chapter 8). Using a suite of bioassays that covers various 
MOA enables the generation of mechanistic information relevant for predicting 
adverse health outcomes. 

In this chapter, the structuring principles of toxicity pathways are summarised to 
provide a better understanding of the processes that occur in cells and to introduce a 
mode of action classification that serves as a basis for the selection of bioassays 
discussed in Chapter 10. 


4.2 TOXICOKINETICS 
4.2.1 Uptake, distribution and elimination 


Uptake and elimination can be a passive or an active process. Passive uptake is the 
concentration-dependent diffusion of chemicals over cellular barriers (e.g., 
epithelial cells or biological membranes) and depends on the physicochemical 
properties of the chemical. Hydrophobic chemicals accumulate in biota to a 
higher extent but via slower uptake kinetics than more hydrophilic chemicals. 
Active transport processes require energy and are capable of moving chemicals 
even against a concentration gradient. Active transport is generally more 
important for metals than for organics but one group, the ATP-binding cassette 
(ABC) family of drug transporters, is also of importance for organic chemicals. 

Uptake and elimination steps in cell-based bioassays are governed by the same 
processes as in the whole body. There are, however, quantitative differences and 
the most important step for in vitro to in vivo extrapolation is to account for the 
higher complexity of uptake, distribution and elimination processes that occur in 
a whole organism. 
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Once taken up by the organism, chemicals are distributed via the lymph and 
blood stream to organs and various tissues ultimately reaching the target cells. 
Distribution is also relevant on the cellular level as it determines if a chemical 
can reach its target site. As a hydrophobic and reactive chemical will more likely 
be accumulated in biological membranes, for example, it is prevented from 
reaching and reacting with DNA. 


4.2.2 Xenobiotic metabolism 


Xenobiotics are chemicals that are not native to an organism's normal biochemistry. 
When cells absorb xenobiotic chemicals, they are metabolised, a process called 
biotransformation. This typically proceeds in three phases (Figure 4.2). Phase I 
enzymes, such as the cytochrome P450 monooxygenases (CYP), one of the most 
important families of metabolic enzymes, oxidise chemicals by adding functional 
groups such as hydroxides to the molecules. In phase II reactions these functional 
groups can conjugate with molecular entities such as sulphate and glucuronic acid 
to yield larger and highly water-soluble metabolites, which are more easily 
excreted from the body (Omiecinski er al., 2011). Phase III refers to the active 
transport of chemicals across cell membranes by the ABC transporters mentioned 
above. Phase III processes are not strictly metabolic; however, they do contribute 
to increased elimination of chemicals from the cell and, therefore, are often 
presented alongside phase I and II metabolic processes. 

While the role of metabolism is primarily to detoxify chemicals, it can in some 
cases produce more toxic metabolites, particularly in the oxidation reactions of 
phase I. One prominent example is the bioactivation (i.e., oxidation) of polycyclic 
aromatic hydrocarbons (PAH) to reactive epoxides, which may cause DNA 
damage and subsequently carcinogenesis. 


4.2.3 Toxicokinetic indicators of chemical exposure 


Many xenobiotic chemicals trigger metabolic pathways, whereby they activate 
and/or increase the metabolic activity within a given cell. Most cell types exhibit 
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Figure 4.2 Three phases of xenobiotic metabolism in a cell in relation to the other 
toxicokinetic processes of absorption and excretion. 
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some degree of metabolic capacity. Liver cells (hepatocytes) have a particularly 
large capacity for biotransformation. 

Metabolic pathways themselves can be used to indicate the presence of 
chemicals. Cellular pathways related to metabolism are regulated by the so-called 
xenobiotic receptors (Omiecinski et al., 2011). The most prominent member of 
this family of nuclear receptors is the aryl hydrocarbon receptor (AhR), a nuclear 
receptor that is responsive to dioxin-like chemicals and other ligands. 

Specific chemicals bind to these xenobiotic receptors and induce the transcription 
of genes that encode metabolic enzymes. The binding of a nuclear receptor to its 
nuclear binding site is not a toxic process in itself; however, it indicates the 
presence of xenobiotic chemicals. Furthermore, the metabolic machinery set off 
by binding to the receptor will change the structure of the molecule. 

All xenobiotic nuclear receptors function in a similar way. In principle, a 
chemical (or ligand) binds to the receptor (e.g., dioxin binding to AhR), which 
causes bound proteins (e.g., heat-shock protein and other subunits in the case of 
AhR) to dissociate from the receptor. The ligand-receptor complex can then 
translocate into the nucleus, where in the case of AhR it associates with AhR 
nuclear translocator (ARNT) to facilitate binding to a receptor-specific response 
element on the DNA (e.g., dioxin response element DRE in the case of the AhR), 
thus triggering the expression of the associated gene (eg. CYP1A1 in the case of 
the AhR) and the production of associated metabolic enzymes (Figure 4.3). 
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Figure 4.3 Activation of xenobiotic receptors using the example of the aryl 
hydrocarbon receptor (AhR; ARNT = AhR nuclear translocator, DRE = dioxin- 
responsive element). Persistent activators of AhR such as dioxin-like chemicals 
cannot be metabolised by the produced enzymes and lead to a range of 
AhR-related toxic effects (Denison et al., 2011), while those AhR ligands that can 
be metabolised after activating the AhR, such as polycyclic aromatic hydrocarbons 
(PAH), cause a different spectrum of effects. 
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Table 4.1 Functions of the currently known nuclear xenobiotic receptors related to 
metabolism and examples of chemicals that induce them. 


Nuclear Receptor Function Inducing Chemicals 
Pregnane X Induction of various phase I Steroids 
receptor (PXR) — ` enzymes (CYP) E 
Constitutive Protective role against Indirectly activated by 
androstane toxicity induced by bile acid, phenobarbital, various 
receptor (CAR) regulation of physiological pharmaceuticals 
"OU B TE" 
Peroxisome Glucose, lipid and fatty acid Phthalates, fibrate 
proliferator receptor metabolism pharmaceuticals 
. ANM" 
Aryl hydrocarbon Induction of cytochrome PAH, PCDD 
receptor (AhR) P450 (CYP1A1) 


CYP = cytochrome P450 monooxygenase; PAH = polycyclic aromatic hydrocarbons; PCDD = 
polychlorinated dibenzodioxins. 


Table 4.1 lists the currently known nuclear xenobiotic receptors that are involved 
in regulation of metabolism and which are all relevant for water quality testing. 
Each receptor has several functions taking part in various metabolic processes 
and in cell homeostasis. The AhR is the most pertinent receptor for toxicological 
investigations. While the full physiological role of the AhR remains unclear, 
activation of this receptor contributes to carcinogenicity via the CYP enzymes, 
which can convert many of its ligands to reactive intermediates, consequently 
causing DNA damage. Persistent AhR activators, such as dioxin-like chemicals, 
cannot be metabolised by the produced enzymes and lead to a range of AhR- 
related toxic effects (Denison et al., 2011), while those AhR ligands that can be 
metabolised after activating the AhR, such as PAH, cause a different spectrum 
of effects. 


4.3 TOXICODYNAMIC PROCESSES: TOXICITY PATHWAYS 


Toxicity pathways are defined as the cellular response pathways induced after 
chemical exposure that are expected to result in adverse health effects (Collins 
et al., 2008) (Figure 4.4). The starting point is the molecular interaction between 
the xenobiotic chemical and the receptor or other biomolecules. This is called the 
molecular initiating event (MIE). The chemical-biomolecule interaction triggers a 
cellular response (e.g., translocation of the complex from the cytoplasm to the 
nucleus, activation of genes, production or depletion of proteins or altered protein 
signalling) that ultimately leads to observable endpoints or disease. We can 
capture either critical steps of these cellular responses, the so-called key events 
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Molecular Cellular 
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kinetics event (MIE) response 


Toxicodynamics (cellular toxicity pathway) 


Figure 4.4 Principle of cellular toxicity pathways. Adapted from Collins et al. (2008); 
Ankley et al. (2010). 


(KE), or the more general cellular stress responses, also called adaptive stress 
responses. 

As cellular responses occur via multiple steps, there are many points of 
cross-over and branching both within and between toxicity pathways. Some of 
the pathways induced by chemicals are natural endogenous pathways, whereby 
the xenobiotic chemical simply replaces a natural ligand. Some authors thus 
advocate the use of the term biological pathway instead of toxicity pathway. 
Biological pathways may not directly cause an adverse effect but changed levels 
of activity are still indicative of the presence of xenobiotic chemicals. 

In ecotoxicology, the concept of toxicity pathways has been expanded to the 
so-called ‘adverse outcome pathways’ (AOP, Ankley er al., 2010). An AOP links 
the toxicity pathway (at the cellular level) with the response at the organ level, 
followed by the response of the organism and finally the effect on the population 
(Figure 4.5). Organ-level responses include altered physiology of the organ, 
disruption of homeostasis, altered tissue development and/or disruption of organ 
function. On the organism level, these effects translate to impaired development, 
reproduction and/or death. These responses may then be observed across a 
population and with potential implications for population and ecosystem 
health. Organ- and organism-level responses are discussed in relation to human 
health in Chapter 5. The AOP principles integrate human health and 
environmental/ecological risk assessment. Representative test organisms and 
population-level endpoints typically applied in environmental risk assessment are 
discussed in more detail in Chapter 6. 

In vitro cell-based assays can be used to indicate toxicity pathways at the cellular 
level. Cellular responses do not necessarily imply higher-level effects in an 
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Population 
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Figure 4.5 Principle of adverse outcome pathways (AOP). Adapted from Ankley 
et al. (2010). 
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organism, but they are a prerequisite. Species-specific factors and the inherent 
sensitivity of individuals due to genetic polymorphism will further modulate the 
causal chain. In addition, environmental factors have the potential to affect 
individual and population health (Gohlke and Portier, 2007). 

Examples of the processes taking place in a cell exposed to xenobiotic chemicals 
are depicted in Figure 4.6. Chemicals can disturb membrane integrity and thus 
membrane function by non-specific partitioning into the membranes of cells and 
organelles. Further, xenobiotic chemicals can bind non-specifically and 
specifically to proteins. Non-specific interaction with proteins can lead to protein 
depletion, which ultimately causes oxidative stress. Specific binding to proteins 
(e.g., receptors and enzymes) can result in inhibition or stimulation of 
endogenous processes. Most often, binding to enzymes causes a blockage of the 
active site thus inhibiting enzyme activity. Receptor binding can induce 
endogenous processes. The (weak) binding of nonylphenol to the estrogen 
receptor is one example of such agonistic effect on a receptor. Xenobiotic 
chemicals can also block access of the endogenous agonist to the receptor, hence 
decreasing normal activity — this is referred to as antagonistic activity. Finally, 
the interaction (intercalation or covalent binding) of a chemical with DNA can 
result in errors during replication and transcription. Repair and defence 
mechanisms are in place to protect the cell from DNA damage up to a certain 
threshold, above which, the damage becomes permanent. 

Direct measurement of the interactions between a chemical and its cellular 
target is difficult. The associated cell responses (e.g., gene activation after a 
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Figure 4.6 Possible toxicity pathways in a cell-based in vitro bioassay, A = chemical. 
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receptor-ligand has been formed or the induction of DNA repair) are, however, 
useful surrogate measures of these primary interactions (Figure 4.6). When the 
capacity of repair and defence mechanisms is exceeded, all mechanisms 
ultimately lead to cytotoxicity, that is, cell death. 

There are two types of cell death; (1) apoptosis or programmed cell death and (ii) 
necrosis, which occurs following irreversible inhibition of vital cell function. 
Apoptosis is initiated to remove damaged cells and plays an important role in the 
elimination of pre-cancerous cells. Both types of cell death can occur in relation 
to non-specific and specific toxicity. 


4.4 MODE OF ACTION CLASSIFICATION 


With only a limited number of biomolecule types and a myriad of different receptors 
and molecule—receptor permutations possible, some structuring principles can help 
classify chemicals in groups that act together in a similar way. 

A mode of action (MOA) is a common set of physiological and behavioural signs 
that characterise a particular type of adverse biological response (Rand, 1995). 
These responses can be caused by a range of molecular (toxic) mechanisms. 
Molecular (toxic) mechanisms represent the crucial biochemical processes and/or 
xenobiotic—biological interactions underlying a given mode of action. It must be 
noted that the MOA is not a universal property of a chemical but is related to the 
target organism, organ and/or tissue. As a given chemical can exhibit multiple 
mechanisms of toxicity, the MOAs displayed may vary with exposure duration 
(acute vs. chronic) and organism (a human will respond differently to a shrimp) 
(Escher and Hermens, 2002). 

The terminology for MOA and mechanism of action is not consistent in the 
literature. For the purposes of this book and to be consistent with the framework 
of AOP (Ankley ef al., 2010), a toxic mechanism is defined as the initial 
chemical-target molecule interaction (the MIE) and the resulting cellular 
response. MOA refers to ‘biologically plausible series of key events leading to an 
effect’ (Meek et al., 2014). 

MIEs can be classified according to the type and degree of interaction taking 
place between a chemical pollutant and its target molecule or target site (Escher 
and Hermens, 2002). The main target classes for environmental pollutants are 
(membrane) lipids, proteins and peptides and DNA (Table 4.2). 

Depending on the type of interaction of the xenobiotic chemical with the target, 
one can differentiate between non-specific, specific and reactive toxicity 
(Table 4.3). Non-specific toxicity involves partitioning to the target site only, 
whereas specific effects are the results of three-dimensional interactions including 
specific H-donor/acceptor interactions and ionic interactions between the 
chemical and target molecules. MOAs are classified as reactive when covalent 
bonds are formed between the chemical and its target or when chemical reactions 
are involved (e.g., oxidative stress) (Escher and Hermens, 2002). This generic 
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Table 4.2 Target molecules and target sites where the molecular initiating event 
(MIE) takes place. 


Target Class Target Molecules Target Site 

Lipid Phospholipid Biological membrane 
SE 
Dog `. Triolein and other glycerols ^ 3 Storage lipid ` 
EI NM. Structural protein, e.g., collagen — Tissue ^ ^. 
„Protein ^ uuu Enzyme Gell types — 
E ee Nuclear receptor II U U EC types Les 
DNAS ctos DNA bases (nucleic acids) U U U] Nucleus — 

DNA DNA backbone Nucleus 


classification scheme can be further refined by differentiation between more 
specialised target sites such as specific enzymes and receptors. Particularly 
prominent is the nuclear receptor super family, a class of proteins that sense 
hormones and regulate gene expression. Evaluation of hormone-induced 
responses is more complicated than evaluating those of enzyme Inhibition 
because receptor binding effects can lead to complex feedback loops making 
causal relationships difficult to elucidate. The same holds true for DNA damage, 
for which numerous repair mechanisms have evolved. The induction of repair 
processes is, however, still a valuable surrogate for the damage that has occurred. 

The MOA classification is universal for all species and provides a common link 
between human health and ecological risk assessment. Features exist, however, that 
are unique to certain species, organ and tissue types. Only plants, algae and certain 
bacteria have the capability to perform photosynthesis. The effect of herbicides that 
specifically bind to and block the photosystem will therefore only be observable in 
photosynthetically active cells. Chemically induced immunosuppression will only 
be relevant for species that have developed an immune system. Yet, there are 
many highly conserved features in all cells, and many are similar between 
eukaryotic and prokaryotic (bacterial) cells. 

The three major classes of MOAs are reviewed further in the following 
subchapters to provide a basic understanding of the concept. For a detailed 
treatise the reader is referred to Timbrell's Principles of Biochemical Toxicology 
(Timbrell, 2009). 


4.4.1 Non-specific toxicity 


Non-specific toxicity encompasses all cytotoxic responses that are not mediated by 
specific or reactive mechanisms. Non-specific toxicity is often termed ‘narcosis’ or 
‘baseline toxicity’ in ecotoxicology and ‘basal toxicity’ in human toxicology. 
Chemicals disrupt membrane function by merely accumulating in biological 
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membranes and at the interfaces of membrane proteins (van Wezel and 
Opperhuizen, 1995). As cells lose their integrity, ion and proton gradients cannot 
be maintained across membranes and ATP is depleted, consequently impairing 
active transport and other ATP-dependent processes. 

The AOP for baseline toxicity encompasses three possible MIEs: narcosis, direct 
mitochondrial inhibition and decompartmentalisation (Vinken and Blaauboer, 
2017). All lead to the key event of mitochondrial dysfunction followed by cell 
death, both due to apoptosis and necrosis (Figure 4.7). In this scheme ‘narcosis’ 
refers to the above-mentioned intercalation of chemicals in biological membranes 
and ‘decompartmentalisation’ to the disturbance of cellular organelles’ structure 
and functioning. Mitochondria can be shut down by the specific mechanisms of 
uncoupling, inhibition of the electron transport chain and the ATP synthase but 
partitioning of chemicals into energy-transducing membranes also leads to 
mitochondrial dysfunction (Escher et al., 2002). 

Baseline toxicity is the minimum toxicity any organic chemical can exhibit. All 
chemicals cause baseline toxicity with the same intrinsic potency, which means that 
there are constant critical membrane concentrations independent of chemical 
structure. All chemicals are equipotent when the effect is related to concentrations 
in the biological membranes, the target concentration, but due to differences in 
cellular uptake and makeup of the bioassay the nominal effect concentrations for 
baseline toxicity in cell assays differ between chemicals and assays (Escher et al., 
2019). Even specifically acting and reactive toxicants induce baseline toxicity as 
the underlying toxic mechanism, but the concentration necessary to induce 
baseline toxicity is typically much higher than that required to induce specific 
effects, so baseline toxicity does not play a role. For reporter gene assays, the 
cytotoxicity is often caused by baseline toxicity and can be recorded 
independently from the reporter gene activation. More details in Chapter 9. 


Cellular toxicity pathway for baseline toxicity 
MIE KE Cytotoxicity 


Narcosis 
; e Apoptosis 
Mitochondrial Mitochondrial 


Inhibition dysfunction 


Necrosis 
Decompart- 


mentalisation 


Figure 4.7 Cellular toxicity pathway for baseline or basal toxicity. Adapted from 
Vinken and Blaauboer (2017). 
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4.4.2 Specific modes of action 


The common mechanistic basis for most specific MOAs is the selective binding of a 
chemical to a protein (enzyme or receptor) target site (Table 4.3). The following 
sub-sections discuss the molecular and cellular basis for a selection of relevant 
MOAs for toxicological assessment. Integrative effects on the human organ and 
organ system level are detailed in Chapter 5 and ecotoxicological endpoints are 
reviewed in Chapter 6. 


4.4.2.1 Enzyme inhibition 


The most direct pathway for inactivation of enzymes is binding of the chemical to 
the active site of the enzyme. Organophosphates, for instance, are inhibitors of 
acetylcholinesterase (further discussed in Section 4.4.2.3). 

Enzyme function can also be adversely affected via indirect toxicity pathways. 
Haloacetic acids have been used as pesticides in the past and are also disinfection 
by-products formed during chlorination in drinking water treatment. Haloacetic 
acids are capable of replacing acetate in the mitochondrial tricarboxylic acid (TCA) 
cycle, which is important for cell energy metabolism (Landis and Yu, 2004). 
Fluoroacetate is formed from haloacetic acids in this process and undergoes all steps 
of the TCA cycle leading to formation of fluorocitrate, which is a potent inhibitor 
of the aconitase, the enzyme that converts citrate to isocitrate. In this example, the 
toxicity is caused by the metabolite rather than by the haloacetic acid itself. 

Many enzymes require cofactors (various metal ions, e.g., Fe**, Ca?*) or organic 
coenzymes (e.g., nicotinamide adenine dinucleotide phosphate (NADPH)) for their 
catalytic function. Chemicals that destroy or deplete these cofactors will also 
degrade the enzyme's catalytic function. For example, fluoride complexes with 
the cofactors Ca^* and Mei" and inhibits the activity of important enzymes that 
require these cofactors. 


4.4.2.2 Disturbance of energy production 


Mitochondria are the power plants of all cells. Interference with the mitochondrial 
electron transport chain and oxidative phosphorylation leads to inhibition of ATP 
synthesis, resulting in depletion of energy (Nicholls, 2013). Energy depletion 
affects all cells with acute cell death as the outcome. In addition to non-specific 
toxicity, disturbance of energy transduction mainly occurs through binding to 
proteins and disruption of ion gradients across membranes. 

Some chemicals, the so-called *uncouplers', can shuttle ions and protons across 
membranes and are thus more toxic than baseline toxicants without binding to 
specific receptors (Terada, 1990). Uncouplers are typically weak organic acids 
that form lipid-soluble conjugated bases, whose diffusion over the membrane 
results in a net proton transfer (Spycher et al., 2008). 

Chemicals such as cyanide, strobins and rotenone bind to the quinone binding 
sites in the mitochondrial electron transfer chain and inhibit electron transport and 
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thus ultimately energy production, while organotin compounds (e.g., tributyltin) and 
N,N'-dicyclohexylcarbodiimide directly inhibit ATP synthase. 

In analogy, for photosynthetic organisms, energy production through 
photosynthesis is inhibited by chemicals that block the photosystem or the 
electron transport chain of chloroplasts (Moreland, 1980). Many herbicides such 
as triazines (e.g., atrazine) or phenylureas (e.g., diuron) are direct inhibitors of 
photosystem II. While herbicides exhibit low toxicity to mammals and most 
vertebrates, some are suspected of possessing additional MOAs, for example, 
atrazine is considered to be a modulator of aromatase (see Section 4.4.2.4). 


4.4.2.3 Neurotoxicity 


Many insecticides are neurotoxicants that act through interference with electrical 
signal transduction or by inhibition of chemical signal transduction at the 
synapse. At the molecular level, natural and synthetic pyrethroids (e.g., pyrethrin, 
permethrin) inhibit sodium channels, which are responsible for transmission of 
electrical signals through cells. By slowing down the re-closure of the sodium 
channels, pyrethroids cause over-excitation. Organophosphate pesticides bind to 
the enzyme acetylcholinesterase, inhibiting the cleavage of acetylcholine and 
hence interfering with chemical signal transduction. Similarly, the neonicotinoid 
imidacloprid acts as an antagonist on the nicotinic acetylcholine receptor. 

The y-aminobutyric acid (GABA) receptor is another target in nerve cells. The 
GABA receptor acts as a gate for chloride channels and as an inhibitory 
neurotransmitter by reducing the flow of chloride ions across chloride channels. 
Some pesticides such as dieldrin, lindane (y-hexachlorocyclohexane) and 
avermectins are GABA agonists. 

Insecticides have a lower toxicity to humans than to insects for a variety of 
reasons. The organophosphates, for example, are better detoxified (metabolised) 
by mammals than by insects. For some insecticides, the relevant receptors simply 
play a different role in mammals and insects. The GABA receptor is important 
for the peripheral nervous system of invertebrates, in which agonistic activity will 
lead to paralysis. Conversely in mammals, the GABA receptors are only 
important for the central nervous system and as many of the GABA agonistic 
insecticides such as the macrocyclic lactones are incapable of crossing the blood— 
brain barrier, mammals are not affected. This example demonstrates that even 
highly conserved molecular targets can lead to very different adverse outcomes 
depending on the organism of interest. This needs to be considered when using 
bioassays as a tool for tracking specific group of chemicals. 


4.4.2.4 Modulation of endocrine functions 


Hormones are chemical signalling agents. When hormones bind to receptors, the 
receptor-ligand complex triggers a series of effects through cell surface or 
internal (cytosolic) receptors. The level of hormones is modulated by a negative 
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Figure 4.8 Genomic pathway of hormone action. 


feedback system. In the case of cytosolic receptors, the receptor-ligand complex 
crosses the nuclear envelope into the nucleus, where the complex binds to a 
specific promoter region on the DNA triggering the transcription and translation 
of specific gene products (genomic pathway of hormone action, Figure 4.8). 
Various components of the endocrine system are modulated by various 
micropollutants as further described in Chapter 5. 

Chemicals can interfere with hormone receptors by agonism and antagonism. 
Agonists mimic the natural function of hormones, whereas antagonists block the 
hormone receptor (Figure 4.9). Both functions can result in adverse outcomes. 

Endocrine disruption is relevant for both humans and wildlife. A well-known 
example of endocrine disruption in wildlife is the observed feminisation of male 
fish caused by natural and synthetic human hormones as well as some industrial 
chemicals in wastewater (Sumpter, 2002). 

Chemicals can also interfere with the endocrine system via non-receptor- 
mediated pathways such as inhibition of enzymes relevant for hormone 
production. Hydroxylated polychlorinated biphenyls (OH-PCBs), for example, 
inhibit the estrogen sulphotransferase causing increased estrogen levels in blood. 
The enzyme aromatase is responsible for transforming testosterone to estradiol. 
This important process can be induced by, for example, atrazine, or inhibited by, 
for example, triorganotin compounds. 


4.4.3 Reactive toxicity 


The toxicity of reactive chemicals is caused by their reaction with endogenous 
molecules. Examples of biological molecules (nucleophiles) that are attacked by 
reactive chemicals (electrophiles) are the amino acid cysteine in peptides and 
proteins, the bases in DNA, and the double bonds in phospholipids. 
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Figure 4.9 Agonistic and antagonistic effects of chemicals. 


4.4.3.1 Direct genotoxicity 


DNA can be damaged by direct reaction with chemicals, reactive oxygen species 
(ROS) or stressors such as ultraviolet light (UV). Alkylating agents, for example, 
fluorouracil or methyl iodide, can covalently bind to DNA creating methyl 
adducts particularly via the nitrogen atoms of guanine and adenine bases in DNA 
(Figure 4.10). Electrophilic reactions of larger multifunctional molecules can 
produce cross-links within or between DNA strands and large adducts can create 
errors in translation or replication. Furthermore, large planar molecules can 
intercalate into the DNA thus distorting its structure without directly reacting and 
modifying DNA. Such distortion can nevertheless lead to mutations and other 
errors during replication. 

Enzymes are able to recognise damaged DNA and trigger repair mechanisms. 
Sensors of the p53 pathway (see Section 4.5), for example, can detect strand 
breaks and trigger DNA repair. 

Methyl adducts that have been formed by alkylation of DNA can be 
de-methylated by the enzyme alkyl transferase. Small lesions are repaired by base 
excision repair and larger adducts are repaired by nucleotide-excision repair 
(Figure 4.10). Repair mechanisms are, however, prone to error. Failure to repair 
DNA generally triggers cell death via apoptosis. 

DNA damage can (but does not necessarily) lead to loss of bases or strand breaks 
into which incorrect bases can be inserted, resulting in irreversible mutations. 
Mutations can cause errors in protein synthesis and are a major cause of cancer. 
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oss of stability 


Figure 4.10 Reactive mechanisms leading to DNA damage and repair mechanisms. 


4.4.3.2 Non-specific reactivity towards proteins 


Biocides such as the antifoulant Sea-Nine, electrophilic chemicals (e.g., acrylates) 
and dithiocarbamate pesticides can directly react with the thiol group in the 
amino acid cysteine. Heavy metals such as mercury (Hg**) and cadmium (Cd?*) 
can also form complexes with thiol groups. These complexes can cause structural 
damage to proteins and if this damage affects an enzymatic site of a protein, 
non-specific enzyme inhibition may also occur. 

Glutathione (GSH) is a peptide that contains cysteine and plays an important role 
in the defence against reactive chemicals and internal reactive oxygen species 
(ROS). Exposure to micropollutants and subsequent defence mechanisms can 
lead to GSH depletion, which can cause proteins to lose their protection against 
oxidative stress resulting in direct protein damage. 


4.4.3.3 Oxidative stress 


ROS such as the superoxide radical (O5- ), hydrogen peroxide (H202) and the 
hydroxyl radical (OH-) are formed during normal cell processes, particularly in 
mitochondria during electron transport and NADPH-dependent enzyme processes 
(Figure 4.11). ROS can also be formed by certain radical chemicals (e.g., paraquat) 
and redox cyclers (e.g., quinones). Inhibition of the mitochondrial electron transfer 
chain will also lead to the formation of ROS. In the presence of divalent iron 
(Fe**), reactive hydroxyl radicals will be formed. ROS can cause lipid 
peroxidation, DNA damage and oxidation of proteins followed by loss of 
enzymatic activity. 
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Figure 4.11 Formation and deactivation of reactive oxygen species (ROS). 
GSH = glutathione GSSG = glutathione disulphide, O — molecular oxygen, 
O5: = superoxide, H202= hydrogen peroxide, OH:-=hydroxyl radicals, 
NADP* = nicotinamide dinucleotide phosphate, NADPH = reduced NADP*. 


Cells have developed sophisticated systems to detoxify ROS and keep the redox 
balance in the cell stable. Chemical stressors can, however, put more pressure on the 
cellular redox balance overcoming the natural compensation mechanisms. 

During detoxification of ROS, GSH is oxidised to the dimer glutathione 
disulphide (GSSG) (Figure 4.11). A change in the ratio of GSH to GSSG is an 
indicator of oxidative stress and ultimately leads to a disturbance of the cellular 
redox homeostasis. Such imbalance will also impact other redox systems in the 
cell. The hydrogen transferring coenzymes NADP*/NADPH, for example, will 
be affected by a change in GSSG/GSH because NADPH is needed to reduce 
GSSG back to GSH. Oxidative stress can in this way reduce the amount of 
NADPH available for other vital functions, such as acting as coenzyme for the 
phase I metabolic enzyme cytochrome P450. 


4.4.3.4 Lipid peroxidation 


ROS can not only damage DNA and proteins but also play a role in lipid 
peroxidation. Polyunsaturated phospholipids are particularly vulnerable to this 
attack, which leads to a chain reaction breakdown of fatty acids, which are 
important components of membrane lipids. The degradation of fatty acids leads to 
a change in (un)saturation, which causes alteration in fluidity of membranes and 
structural damage of membranes. Lysosomes may lose their hydrolytic content 
and the function of membrane-bound enzymes in the mitochondria and 
endoplasmic reticulum can be disturbed. 


4.5 KEEPING THE RIGHT BALANCE: ADAPTIVE STRESS 
RESPONSE PATHWAYS 
Damage to cellular macromolecules and cellular structures including nucleus, 


mitochondria, endoplasmic reticulum and lysosomes triggers one or more cellular 
stress pathways crucial for maintaining the balance in the cell (cell homeostasis) 
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Stressor A Chemical 


Figure 4.12 Activation of an adaptive stress response pathway. Adapted from 
Simmons et al. (2009). TF = transcription factor. 


and/or for repairing damage by transcriptional activation of genes that protect the 
cells (Simmons ef al., 2009). These stress responses are only induced by 
chemicals or other stressors and thus referred to as adaptive. Adaptive stress 
response pathways are activated and measurable at much lower concentrations 
than cytotoxicity and can therefore serve as early warning signals of exposure to 
chemicals or other stressors. 

The principle of an adaptive stress response pathway is depicted in Figure 4.12. 
On the left, the cell is shown under normal conditions. The transcription factor (TF), 
which is the protein responsible for triggering the adaptive response, is silenced by a 
sensor molecule. In this state, the sensor- TF complex cannot enter the nucleus. 
When cells are under stress, the transducers break the sensor- TF complex, setting 
the TF free. The TF then enters the nucleus, where it binds to specific sites on 
the DNA (response elements), which in turn trigger the expression of the 
associated genes. 

This general adaptive stress response pathway shares similarities with both the 
xenobiotic metabolism and the hormone response pathways in that they all 
involve some mediating proteins, either nuclear receptors or TF. An important 
difference is that the adaptive stress pathways occur in all cells, while other 
toxicity pathways are specific to certain tissues and organs, for example, the liver 
or reproductive organs. 

The heat-shock response was the first stress response pathway discovered and is 
important for the adaptation to hyperthermia (Table 4.4). The resulting gene 
products help prevent heat denaturation of proteins. Chemicals that denature 
proteins also trigger this protective pathway. 

Exposure to metals and carbon monoxide can cause cell oxygen levels to be 
depleted, which activates the hypoxia stress response pathway, triggering for 
example transcription of proteins that increase transport of oxygen and iron 
(Table 4.4). The metal response pathway differs from the other stress response 
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Table 4.4 Relevant adaptive cellular stress response pathways (Simmons et al., 
2009). 
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?Hirota et al. (2010); Yang et al. (2011). 


pathways in being constitutive (always expressed) as opposed to adaptive (only 
expressed after activation). Its activation induces increased synthesis of 
metallothionein proteins, which are small cysteine-rich proteins that chelate metals. 

The endoplasmic reticulum plays a central role in lipid synthesis and folding and 
maturation of proteins. The endoplasmic reticulum stress response pathway induces 
genes that help refold proteins and remove damaged ones. 

Osmotic stress triggers a pathway that ultimately leads to increased solute 
transport across membranes. The inflammatory stress response is mediated by 
the nuclear factor kappa B (NF-«B), which is closely related to immune 
responses and causes induction of cytokines, cytochromes P450 and regulators of 
apoptosis. 

The mammalian cellular defence mechanism against oxidative stress is primarily 
mediated at the transcriptional level by Nrf2 (NF-E2-related factor 2), which is 
responsible for the induction of detoxification and antioxidant genes (Nguyen 
et al., 2009) (Table 4.4). Nrf2 activates the transcription of sequences containing 
the antioxidant response element (ARE). ARE is found in the promoter region of 
genes encoding the major detoxification enzymes including glutathione 
S-transferase A2 (GSTA2) and NADPH:quinone oxidoreductase 1 (NQOI), 
which are the two major contributors to cellular protection. These enzymes serve 
to neutralise ROS and reactive chemicals, biosynthesise GSH, direct xenobiotic 
efflux and remove oxidised proteins. The net result is to limit oxidative damage 
and to detoxify cells. 
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The most important response to DNA damage is regulated by the p53 family of 
TFs. Under normal conditions, p53 is negatively regulated by the sensor MDM2. 
Upon DNA damage, the p53 is stabilised and triggers a series of DNA repair 
mechanisms. p53 is also referred to as ‘the tumour suppressor gene’ and regulates 
cell cycle arrest and apoptosis. 

As discussed, stimulation of adaptive stress response pathways is not a direct 
indicator of toxicity but an early indicator of the presence of stressors. Since 
activation occurs at concentrations of micropollutants lower than those required 
to elicit an observable adverse effect, these pathways are useful early warning 
signs with potential for application in water quality assessment. 


4.6 CONCLUSIONS 


All the different toxicity pathways discussed in this chapter are highly 
interconnected. The complete picture is thus much more complex than presented 
through independent view of the individual processes. Figure 4.13 expands the 
simplistic picture drawn in Figure 4.6 and interconnects all these different 
processes. First, metabolism can lead to both toxification and detoxification, and 
the reactive metabolites of phase I in particular may cause direct reactive toxicity 
and oxidative stress. Second, GSH acts as scavenger of reactive intermediates but 
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Figure 4.13 Interplay between various toxicity pathways and the effects induced if 
injury is beyond repair. 
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if itis depleted, it cannot continue its role in keeping the redox homeostasis. The cell 
then invokes a second line of damage control, represented by the adaptive stress 
response pathways discussed in Section 4.5. 

The lower part of Figure 4.13 highlights how the defence and repair mechanisms 
initially serve to protect the cell but can become overwhelmed if the damage is too 
great. As a final resort, the cells can invoke programmed cell death (apoptosis), but if 
the damage is too severe, necrotic cell death will occur. 


Chapter 5 


Toxicity pathways of chemicals 
in humans 


5.1 INTRODUCTION 


This chapter explores the different types of toxicity that may be associated 
with chemical contaminants in drinking water, including toxicity to specific 
organs (e.g., liver, kidneys, heart), organ systems (e.g., blood formation, 
immune, nervous, endocrine systems) and integrated organism effects (e.g., 
developmental and reproductive effects, carcinogenicity). Molecular and/or 
cellular level toxicity that is described in Chapter 4 can translate into effects at 
the tissue, organ, organ system and eventually at the organism and population 
level (Figure 5.1). 

Within the framework of the adverse outcome pathway (AOP) (Chapter 4), once 
a toxicant has reached its target site (toxicokinetic phase) and affected its biological 
target (toxicodynamic phase), the resulting cellular-level effect(s) can lead to 
dysfunctions at higher levels depending on its severity and the capacity of repair 
and compensation mechanisms (Figure 5.2). It should be noted that on the 
organism scale the toxicokinetic processes are broader than at the cellular level, 
and are referred to as absorption, distribution, metabolism and excretion 
(ADME). These processes deliver the chemical to its cellular target site, where 
the AOP is initiated. 

Exposure to environmental pollutants can result in a variety of effects in the 
exposed organism. In broad terms, toxicity is an adverse effect on the production, 
function and/or survival of cells. Some of these toxic effects are very general and 
can potentially affect all types of cells, while others are specific to certain tissues 
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Ecosystem 


Figure 5.1 Simplified scheme of biological organisation illustrating, where in vitro and 
in vivo investigations fit in the sequence of effects that take place from the molecular to 
the ecosystem level. 


due to their unique structure and/or function. Some biological functions are fulfilled 
by multiple organs (e.g., the endocrine system), and toxicity to any of the organs 
involved may result in failure of the whole system. A thorough understanding of 
these concepts for each potential site of toxicity is critical when developing a 
comprehensive screening battery for risk assessment. 

Unless otherwise indicated, the information in this chapter is based on classical 
toxicology textbooks, in particular, Ballantyne er al. (1995), Fox (1991) and 
Klaassen (2013). 


5.2 ROUTE OF EXPOSURE 


The route of exposure is significant because chemicals can reach different targets 
depending on the point of entry into an organism (Figure 5.3). For drinking 
water, oral ingestion is the main route of exposure and the digestive system will 
be the focal point of entry into the organism. 

The majority of ingested toxicants will be absorbed in the small intestine, which 
has a very large, specialised surface area making it very efficient at absorbing 
nutrients but also unfortunately toxicants from food and water. Absorption can 
take place via active transporters but is usually a passive process, where toxicants 
traverse the epithelial barriers and reach blood capillaries by diffusing through 
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Figure 5.2 Toxicokinetic processes on the organism level (ADME — absorption, 
distribution, metabolism and excretion) connected to the adverse outcome pathway 
(AOP) that links cellular-level events to whole organism effects. 


cell membranes. Lipid solubility is usually the most important property influencing 
absorption with lipophilic (fat-loving) chemicals more readily absorbed than 
hydrophilic (more water-soluble) substances, but size and charge also influence 
diffusion with small and uncharged substances more easily absorbed. Xenobiotics 
absorbed in the gastrointestinal tract are transported to the liver via the hepatic 
portal vein. 

Once in the liver, the absorbed chemicals will undergo ‘first-pass metabolism’: 
biotransformation by cytochrome P450 enzymes and conjugation with large 
hydrophilic molecules (such as glucuronide or sulphate). The biological purpose 
of first-pass metabolism is to make lipophilic toxicants more water soluble, thus 
facilitating their excretion. After biotransformation, xenobiotics can travel via 
either of two routes: large water-soluble chemicals are excreted back into the 
small intestine via the bile duct and eventually excreted from the body in faeces. 
Those chemicals no longer pose a risk to other organs because no further 
contact will occur (unless they are susceptible to ‘enterohepatic recycling’, 
where the conjugate is cleaved off by microbial activity in the intestinal tract 
and the chemical can be reabsorbed and sent back to the liver). Alternatively, 
xenobiotics that are still sufficiently small and lipophilic after first-pass 
metabolism can instead enter the systemic blood circulation, where they can 
reach and affect any tissue perfused by blood — in other words, all tissues — 
particularly if they are lipid soluble. Hydrophilic toxicants will eventually be 
excreted into bile by the liver or into urine by the kidneys. Highly lipophilic 
chemicals that are resistant to biotransformation (such as polyhalogenated 
biphenyls and chlorinated hydrocarbons) are very hard to eliminate and tend 
to accumulate in the body upon repeated exposure — a process called 
‘bioaccumulation’. 


76 Bioanalytical Tools in Water Quality Assessment 


UPPER BODY & LIMBS 
e 
THYROID 


RESPIRATORY 


Superior vena cava 
Ascending aorta 


Coeliac trunk 


Inferior vena cava 
Descending aorta 


i ( 
i PANCREAS KIDNEYS 


Hepatic portal vein 


SPLEEN 


--- jf = = = q 


BLADDER 


URINARY 


Blood-testis barrier 
(Placental barrier) 


GI TRACT 


Lining of GI tract 


DERMAL 


Figure 5.3 Simplified absorption, distribution, metabolism and excretion (ADME) 
diagram showing sites of intake (large green arrows: oral, respiratory and dermal 
intake), excretion (large red arrows: faecal, urinary and respiratory excretion) and 
internal barriers for xenobiotics (dashed blue lines: lining of the GI tract, skin, 
blood-brain barrier, blood-testis barrier in males, placental barrier in pregnant 
females and liver metabolism). Oral ingestion is the main route of exposure for 
contaminants in drinking water. GI = gastrointestinal. 
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5.3 BASAL CYTOXICITY 


Basal cytotoxicity refers to the ability of a chemical substance to damage living cells 
and may be described as any general cellular-level effect that leads to dysregulation 
of on-going cellular activity (e.g., disruption of ATP production, protein synthesis), 
impairment of cellular maintenance, dysregulation of gene expression and/or 
physical damage to cell structures (e.g., proteins, plasma membranes) (Vinken 
and Blaauboer, 2017). Basal cytotoxicity is not cell-type specific — it can affect 
any tissue type and occurs at similar critical membrane concentrations in all cell 
types (Escher et al., 2019). It is therefore also often called ‘baseline toxicity’ (see 
Chapter 4). This impaired cell structure and function can lead to cell and tissue 
death, either planned (apoptosis) or unplanned (necrosis) cell death. 


5.4 TARGET ORGAN TOXICITY 


In the context of drinking water, toxicity to three organs is particularly relevant: the 
liver (hepatotoxicity), the kidneys (nephrotoxicity) and the heart/blood system 
(cardiovascular toxicity). Gastrointestinal tract and bladder toxicity are of course 
also important, but the main mechanisms of toxicity to these targets are basal 
cytotoxicity (Section 5.3) and carcinogenicity (Section 5.5.1). 


5.4.1 Hepatotoxicity 


The liver is the main organ where exogenous chemicals are metabolised to make 
them more hydrophilic for excretion. Consequently, liver cells can be exposed to 
high concentrations of toxicants. Thankfully, a healthy liver has an immense 
capacity for self-repair and once the toxicant is removed recovery is usually possible. 

After absorption by the small intestine, ingested nutrients, vitamins, metals, 
drugs and environmental toxicants are all distributed to the liver via the hepatic 
portal vein (Figure 5.3). Efficient scavenging or uptake processes extract these 
absorbed materials from the blood for catabolism, storage and/or excretion into 
bile. Hepatocytes (liver cells) are rich in mitochondria to provide for their high 
energy needs and cytochrome P450 enzymes, which conduct the liver's main 
function of metabolism and detoxification. Hepatocytes also have a significant 
role in protein synthesis by recycling all major plasma proteins, carbohydrate and 
lipid metabolism, cholesterol production, and bile secretion, which can be an 
important detoxification mechanism. 

There are several key factors that modulate hepatotoxicity: 


e Uptake and concentration: the liver is immediately ‘downstream’ of the 
gastrointestinal tract, and as such receives the highest concentration of 
lipophilic drugs and environmental pollutants from the oral route. Other 
toxins are rapidly extracted from the blood into hepatocytes via active 
transport mechanisms. 
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Figure 5.4 Spectrum of hepatotoxicity from the molecular to the organism level. 


° Bioactivation and detoxification: one of the vital functions of the liver is to 
eliminate exogenous chemicals and toxic endogenous intermediates. 
Biotransformation, and in particular phase I metabolism, can, however, 
generate reactive metabolites, which can interact with proteins and other 
biological molecules. 

* Regeneration: the liver has a high capacity to restore lost tissue and function 
by regeneration. Loss of hepatocytes triggers proliferation of mature 
hepatocytes to replace the lost tissue, which is initiated by cytokines and 
growth factors. Nevertheless, chemicals that can interfere with the cell 
cycle (e.g., colchicine) can block that regenerative ability. 


Hepatotoxicity results in impaired liver function and the potential build-up of toxic 
by-products of cellular metabolism (Figure 5.4). There are several known 
mechanisms of toxicity to liver cells, including direct cytotoxicity to hepatocytes 
(e.g., acetaminophen, carbon tetrachloride, microcystin), damage to epithelial 
cells of liver capillaries (e.g., after excessive dose of acetaminophen, endotoxin, 
microcystin), impaired bile excretion (usually from interference of bile salt export 
pumps by toxicants such as pharmaceuticals, hormones and metals) and excessive 
cell proliferation to replace dead cells (hyperplasia; e.g., after chronic exposure to 
excess androgens, alcohol and aflatoxin). 


5.4.2 Nephrotoxicity 


The principal role of the kidneys is to filter blood and maintain total body 
homeostasis. The kidneys play a central role in excretion of metabolic wastes 
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(such as urea) and in the regulation of extracellular fluid volume, electrolyte 
composition and pH of the blood. The kidneys also produce hormones (renin and 
erythropoietin) that regulate extracellular volume and red blood cell production 
and metabolise vitamin D3 to its active form. Similar to the liver, the kidneys are 
equipped with a variety of detoxification mechanisms and have considerable 
functional reserve and regenerative capacities. 

The kidneys are particularly sensitive to blood-borne toxicants as they receive 
about a quarter of the cardiac output (Figure 5.3). The processes involved in the 
production of urine may also concentrate potential toxicants in the tubular fluid. 
A wide variety of pharmaceuticals (e.g., antibiotics, analgesics, radiocontrast 
media, anti-cancer agents and angiotensin inhibitors and blockers), 
environmental chemicals and metals can cause nephrotoxicity via structural 
and/or functional damage. Proper kidney function is highly dependent on 
passive and active (ATP-driven) transport mechanisms. Toxicant-induced 
interruptions in energy production for any of these active transport mechanisms 
or interference with critical membrane-bound enzymes and/or transporters can 
thus seriously impact kidney function (Figure 5.5). The efficiency of the 
kidneys is also dependent on tight control of capillary pressure, and the 
kidneys are particularly sensitive to vasoactive substances, that is, substances 
that modulate blood pressure. 


5.4.3 Cardiovascular toxicity 


Cardiovascular toxicology focuses on adverse effects on the heart and the vascular 
system. Exposure to toxic chemicals can result in alterations of biochemical 
pathways, defects in cellular structure and function, and pathogenesis of the 
affected cardiovascular system. 
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Figure 5.5 Spectrum of nephrotoxicity from the molecular to the organism level. 
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5.4.3.1 Cardiotoxicity 


Heartbeat is controlled by specialised pacemaker cells, and cardiac 
electrophysiology and function are under neuro-hormonal regulation. The 
primary contractile unit in the heart is the cardiac muscle cell, or cardiomyocyte. 
Stimulation of cardiomyocytes through bioelectricity is due to carefully 
orchestrated transport of three positively charged ions: calcium, sodium and 
potassium. Each of the ions has specific channels and pumps on the membrane of 
cardiac myocytes. 

The very high energy requirements of the heart muscle (continuous synthesis of 
ATP via mitochondrial oxidative phosphorylation is required for cardiomyocyte 
function) and heavy reliance on ion channels and pumps are particularly relevant 
for cardiotoxicity. Not surprisingly, many substances can cause cardiac toxic 
responses, mostly by affecting ion channels (e.g., the anti-arrhythmic drugs 
verapamil and quinidine), calcium ion homeostasis (e.g., pharmaceuticals such as 
ouabain, some antimicrobial and antiviral agents, aldehydes, halogenated alkanes 
and metals), and electrical excitability and action potential generation (e.g., local 
anaesthetics like benzocaine or procainamide) (Figure 5.6). 


5.4.3.2 Vascular toxicity 


Toxic responses of the vascular system include changes in blood pressure and 
damage to blood vessels (Figure 5.6). The main function of the vascular system is 
to provide oxygen and nutrients and to remove carbon dioxide and metabolic 
products to/from organ systems. The vascular system also delivers hormones and 
cytokines to target organs (Figure 5.3). Dilation and constriction of blood vessels 
are controlled remotely by neurons and hormones, such as epinephrine, 
norepinephrine and angiotensin, and locally by oxygen supply and 
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Figure 5.6 Spectrum of cardiovascular toxicity from the molecular to the organism 
level. 
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endothelium-derived relaxing factor (EDRF). Thus, neurotoxicity or endocrine 
disruption may also affect vascular function. 

Blood vessels are mostly composed of epithelial cells enveloped by smooth 
muscle cells. After absorption, all chemicals come into contact with the vascular 
system. Specific vascular toxicity can occur from damage to either epithelial cells 
(e.g., aspirin, endotoxins, carbon monoxide) or smooth muscle cells (e.g., metals 
interfering with calcium homeostasis) or from exposure to vasoactive chemicals 
(e.g., cocaine, nicotine, metals). It is not entirely clear how toxic responses of the 
vascular system affect physiological function and/or cause toxicity to other 
organs, but damage to vascular epithelial cells could produce reactive oxygen 
species (ROS) and subsequent oxidative injury. 


5.5 NON-ORGAN-DIRECTED TOXICITY 


Non-organ-directed toxicity includes carcinogenicity and developmental toxicity. 


5.5.1 Carcinogenicity 


Chemicals that induce cancer have been broadly classified in two categories: (i) 

genotoxic carcinogens (e.g., PAHs) that interact physically with DNA to alter or 

damage its structure, and (ii) epigenetic carcinogens that impact DNA expression 

through DNA methylation, protein phosphorylation and receptor-mediated 

effects, without directly affecting DNA structure (Figure 5.7). Either case can 

eventually lead to aberrant cell cycle kinetics and unregulated cell growth. 
Carcinogenesis develops over three stages: 


* Initiation is the introduction of a *mistake' (mutation) in the DNA sequence. 
Initiation can be caused by genotoxic carcinogens binding to DNA and 
causing errors during DNA synthesis. Initiation on its own is not sufficient 
to cause abnormal cell growth because DNA damage can sometimes be 
repaired or because the cell can lose its viability due to the mutation. 

* Promotion is the selective expansion of initiated cells. 
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Figure 5.7 Spectrum of carcinogenicity from the molecular to the organism level. 
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* Progression involves the conversion of unstable promoted cells into stable 
malignant tumours. Due to the resulting increased DNA synthesis, 
additional genotoxic events may occur at this stage, resulting in additional 
DNA damage including chromosomal aberrations and translocations. 


Complete carcinogens have the ability to function at all levels, that is, initiation, 
promotion and progression. Many carcinogens are not intrinsically carcinogenic 
but require metabolic activation to become carcinogenic. This may also result in 
tissue-specific effects, as different tissues can have different levels of 
enzyme expression. 


5.5.2 Developmental toxicology 


Developmental toxicity focuses on adverse effects on development caused by 
exposure to toxicants. Development is characterised by changes that are 
orchestrated by a cascade of factors regulating gene transcription (Figure 5.8). A 
particularity of developmental toxicology is that the sensitivity of the organism to 
toxicants can vary depending on its developmental stage. 

Embryotoxic chemicals affect the conceptus prior to the foetal stage (usually up 
to 8 weeks in humans). Imprinting, implantation, gastrulation and organogenesis all 
occur during embryo development, and toxicants that interfere with cell 
proliferation, differentiation and/or apoptosis may lead to embryotoxicity (e.g., 
cyclophosphamide). 

Foetotoxic chemicals affect the conceptus from the foetal stage onwards (usually 
after 8 weeks in humans). 

Teratogens are toxic chemicals that cause birth defects and can lead to pre- and 
postnatal mortality. Gastrulation and organogenesis during embryo development 
and the subsequent tissue differentiation and growth during foetal development 
are particularly sensitive to teratogens. Toxicants that can affect cell migration, 
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Figure 5.8 Spectrum of developmental toxicity from the molecular to the organism 
level. 
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cell-cell interactions, differentiation, morphogenesis and energy metabolism are 
often teratogens (Figure 5.8). 

Exposure to developmental toxicants can result in death of the embryo, death of 
the foetus or teratogenesis. Endocrine-disrupting compounds (EDCs, e.g., 
diethylstilbestrol) may also negatively affect development of the conceptus (see 
Section 5.6.4 for more details on endocrine disruption). 


5.6 SYSTEM TOXICITY 


Some biological functions are fulfilled by systems composed of multiple organs 
(e.g., the immune system), and toxicity to any of the organs involved may result 
in failure of the whole system. This section discusses toxicity towards the blood 
system (haematotoxicity), immune system (immunotoxicity), nervous system 
(neurotoxicity), endocrine system (endocrine disruption) and reproduction 
(reproductive toxicity). 

Some health outcomes of relevance for risk assessment of new chemicals have 
been excluded from this review because they were deemed unlikely to result from 
exposure to chemical contaminants in drinking water (although they may occur 
from different exposure routes to that same water, e.g., showering). These include: 


* Sensory organ toxicity, including ocular toxicity, 
* Respiratory toxicity, 

° Cutaneous toxicity, 

* Musculoskeletal toxicity (e.g., myotoxicity). 


5.6.1 Haematotoxicity 


The production of blood cells (haematopoiesis) is a highly regulated sequence of 
events by which blood cell precursors proliferate and differentiate to meet the 
body's relentless needs for oxygen transport, host defence and repair and blood 
homeostasis. The main organs involved in haematopoiesis are the bone marrow 
and the spleen. A haematotoxicant is a toxicant that either interferes with 
haematopoiesis or affects the viability of red blood cells, which can result in 
anaemia and hypoxia (lack of oxygen). Effects on white blood cell viability are 
covered in the section on immunotoxicity below. 

Haematopoiesis requires carefully orchestrated cell maturation and 
differentiation and is particularly sensitive to cytoreductive or antimitotic drugs 
used for cancer treatment and toxicants that can interfere with differentiation and 
maturation of blood cell precursors. 

The viability of red blood cells can be affected by oxidative damage, which can 
interfere with the oxygen-carrying capacity of haemoglobin, or by modification of 
cell surface proteins (e.g., mefenamic acid), which can lead to loss of ‘self’ antigens 
(cell surface markers that identify the cell as part of the self, as opposed to foreign) 
and subsequent destruction by white blood cells (Figure 5.9). 
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Figure 5.9 Spectrum of haematotoxicity from the molecular to the organism level. 


5.6.2 Immunotoxicity 


Broadly defined, immunotoxic agents adversely affect the immune system, which 
protects the organism against pathogens and tumours. The immune system 
comprises numerous lymphoid organs (e.g., bone marrow, thymus, spleen, lymph 
nodes) and cell populations with a variety of functions. Antigen recognition is the 
cornerstone of the immune system. Antigens, usually protein or polysaccharide 
‘signatures’ of foreign material, are recognised by specific antibodies, which 
subsequently initiates an immune response. 

There are two types of immune response: innate and adaptive. The innate 
immune system is non-specific and is the body’s primary defence mechanism. It 
relies on a variety of proteins (called the complement system) and involves 
several immune cells, such as natural killer cells, macrophages and neutrophils. 
Natural killer cells release cytokines and cytolytic chemicals that destroy the 
target cell. Macrophages and neutrophils are phagocytic cells that eliminate most 
microorganisms through the release of ROS. 

The adaptive (or ‘acquired’) immune system is an antigen-specific response 
triggered by the innate immune system. In simple terms, immune cells learn 
to recognise the invading pathogen and deploy a more sophisticated set of 
specialised cells, such as helper T-cells and killer T-cells. Helper T-cells 
secrete cytokines and help direct the immune response depending on the 
nature of the threat. Killer T-cells bind to the target cell and release the 
content of cytolytic granules, which contain cytokines, perforins and other 
enzymes, on the target cell, a process called degranulation. Once degranulated, 
the killer T-cell releases the dying target cell and moves on to kill other 
target cells. 

The immune system can also call upon other specialised cells when fighting 
inflammation, such as basophils and mastocytes. When stimulated, these cells 
degranulate to release histamine, proteoglycans, proteolytic enzymes, leukotrienes 
and cytokines. These chemicals attract other immune cells. 
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Figure 5.10 Spectrum of immunotoxicity from the molecular to the organism level. 


The immune system must strike a delicate balance between excessive and 
insufficient immune response. Toxicant exposure can result in dysfunctions of the 
immune system: 


° Immunosuppression results in reduced efficacy of the immune response (i.e., 
impaired resistance), while immunostimulation stimulates the immune 
system, which may result in excessive immune response (Figure 5.10). A 
very wide range of toxicants have been shown to suppress or stimulate the 
immune system, including polychlorinated biphenyls (PCB), polycyclic 
aromatic hydrocarbons (PAH), pesticides, metals, solvents, hormones, 
pharmaceuticals and UV radiation. Some toxicants (e.g., sulphamethoxazole) 
can stimulate immune cells directly by binding to their membrane receptors. 

* Hypersensitivity reactions (allergies) result from the immune system 
responding in an exaggerated or inappropriate manner (e.g., penicillin). 
Hypersensitivity has been linked with exposure to industrial chemicals, 
metals, solvents and pharmaceuticals. 


Autoimmune disease occurs when the reactions of the immune system are 
directed at the body's own tissues. It is more difficult to establish a clear link 
between toxicant exposure and autoimmunity. Some chemicals have, however, 
been implicated in chemical-induced autoimmunity. These include some 
pharmaceuticals, plastic monomers (vinyl chloride), mercury and some pesticides 
(e.g., hexachlorobenzene). Interaction between toxicants and endogenous proteins 
can sometimes result in the altered protein no longer being recognised as own 
tissue (e.g., penicillin). 


5.6.3 Neurotoxicity 


A neurotoxicant is a toxic chemical that affects the development, function or 
viability of neurons and the nervous system (Figure 5.11). The nervous system 
coordinates numerous functions in the organism via neurons and 
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Figure 5.11 Spectrum of neurotoxicity from the molecular to the organism level. 


neurotransmitters. There are two cell populations in nervous tissues: the neurons, 
which specialise in generation, reception and transfer of information (transmitted 
by neurotransmitters such as acetylcholine and epinephrine); and glial cells, 
which provide support and nutrition to neurons. 

The four most common targets of neurotoxicants are the neuron, the axon (the 
neuron's projection towards other neurons), the myelinating cell and the 
neurotransmitter system. 


Neuronopathy: Although the neuron is similar to other types of cells in many 
respects, some features of the neuron are unique, and provide distinctive 
vulnerabilities. Some of those unique features are a high metabolic rate, a 
long cellular process supported by the cell body (the axon) and an excitable 
membrane that is rapidly depolarised and repolarised. A large number of 
chemicals are known to result in toxic neuronopathy, including metals 
(aluminium, arsenic, lead, manganese, mercury, methyl mercury), industrial 
chemicals (trimethyltin), pharmaceuticals and solvents. 

Axonopathy: Some toxicants can physically damage the axon, resulting in 
a degradation of neuron transmission. Many chemicals have been linked 
to axonopathy, including metals (gold and platinum), alkaloids, 
pharmaceuticals, industrial chemicals (acrylamide), solvents and pesticides. 
Myelinopathy: Myelin provides electrical insulation of neuronal processes, 
and its absence leads to a slowing and/or aberrant conduction of electrical 
impulses. Some toxicants can interfere with myelin maintenance or function. 
Neurotransmitter-associated toxicity: A wide range of naturally occurring 
toxins as well as pesticides and pharmaceuticals can inhibit normal 
neurotransmitter function. Organophosphate and carbamate pesticides, for 
example, inhibit the enzyme acetylcholinesterase, which is responsible for 
recycling the neurotransmitter acetylcholine. 
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There are several morphological idiosyncrasies of the nervous system. Some, such a 
mesh of endothelial cells called the ‘blood-brain barrier’ (Figure 5.3), provide an 
additional barrier to toxicants reaching the central nervous system. On the other 
hand, some make it more sensitive to toxicants. The unusual cell morphology of 
neurons, for example, which are very elongated rather than small and spherical, 
creates extraordinary demands on protein synthesis and transport of vesicles and 
organelles. The myelin sheet, which is rich in lipids and dependent on the proper 
function of a number of membrane-associated proteins, is also a sensitive target 
site for toxicants. Finally, the high energy requirements of neurons make them 
extremely sensitive to interruptions in the supply or oxygen or glucose that can 
be caused by toxicants such as cyanide and carbon monoxide as well as very 
sensitive to mitochondrial toxicants. 

Astrocytes (a type of glial cell) play an important role in defence against 
neurotoxicants. They are activated by hypoxia and inflammation and have far 
greater antioxidant abilities than neurons, protecting axonal structure and 
processes. Intercellular communication between astrocytes and neurons also 
involves organelle exchange, including the transfer of healthy astrocytic 
mitochondria to adjacent neurons to restore degraded mitochondrial function, in 
exchange for damaged and defective neuronal mitochondria, which are then 
broken down in the astrocytes (a process called ‘mitophagy’). 


5.6.4 Endocrine toxicity 


Endocrine glands are collections of specialised cells that synthesise, store and 
release their secretions (hormones) directly into the bloodstream. As sensing and 
signalling devices capable of responding to changes in the internal and external 
environments, the hormone system coordinates a multiplicity of activities that 
maintain homeostasis. Disruption of normal endocrine function can thus have a 
wide range of effects, potentially affecting many different organ systems 
(Figure 5.12). The main endocrine glands of the body are the following: 

The pituitary gland is a small protrusion off the hypothalamus at the base of the 
brain, which secretes hormones (including the so-called ‘trophic hormones’ to other 
endocrine glands) under stimulation of the hypothalamus. The pituitary releases 
hormones related to growth (growth hormone), lactation (prolactin), reproductive 
function (gonadotropins and corticotropic hormones) and thyroid activity 
(thyroid-stimulating hormone). 

The adrenal glands are located above both kidneys and are mainly responsible for 
regulating the stress response through the synthesis of corticosteroids (cortisol and 
aldosterone) and catecholamines (epinephrine, norepinephrine and dopamine). 
They affect glucose metabolism (glucocorticoids) and reproduction (androgens, 
estrogens and progestins). 

The pancreas produces digestive enzymes and hormones that regulate glucose 
metabolism (insulin, glucagon and somatostatin). 
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Figure 5.12 Spectrum of endocrine effects from the molecular to the organism level. 


The thyroid gland secretes the thyroid hormones thyroxine (T4) and 
triiodothyronine (T3) under stimulation of the pituitary gland. Thyroid hormones 
increase metabolic rate and glucose availability, stimulate new protein synthesis, 
heart rate, cardiac output and blood flow, and increase neuronal development in 
young animals. The thyroid gland also produces calcitonin, which is involved in 
calcium homeostasis. 

The parathyroid gland produces hormones involved in calcium homeostasis 
(parathyroid hormone, calcitonin and vitamin D) under stimulation of 
calcium-sensing receptors. This unique feedback system is sensitive to toxicants 
similar to calcium ions (e.g., aluminium). 

The gonads (testes in males, ovaries in females) produce sex hormones 
(androgens, estrogens) and progestogens (progesterone). Hormone production 
and gametogenesis in the gonads is under direct pituitary hormonal control. 
Gonads are sensitive to toxic substances because gametogenesis relies on rapidly 
dividing cells, which are often vulnerable to chemical destruction. The blood- 
testes barrier controls the entry of large molecules and toxicants into the 
seminiferous tubules, where gametogenesis occurs. 

There are four main mechanisms of endocrine toxicity (Figure 5.12): 


* Excessive stimulation can cause hyperplasia (excessive cellular development) 
and hypertrophy (gross enlargement) of individual endocrine organs, and 
eventually lead to tumour development. 

* Interference with hormone synthesis or secretion. For example, some 
pharmaceuticals (e.g., sulphonamides,  2,4-dihydroxybenzoic acid, 
aminotriazole, antipyrine) and pesticides (e.g., amitrole) interfere with 
thyroid hormone synthesis. 
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* Increased hormone catabolism (destruction). Toxicants that induce liver 
enzymes (e.g., phenobarbital, benzodiazepines, DDT, chlorinated 
hydrocarbons) can increase the rate of conjugation and excretion of 
hormones such as T3 and T4. 

* Interference with hormone signalling (endocrine disruption). Hormones act 
by binding to highly specific hormone receptors (e.g., estrogen receptor, 
androgen receptor, progesterone receptor, thyroid receptor), which results 
in a biochemical cascade that eventually triggers the intended effect. 
Toxicant-induced interference with hormone signalling can result in 
erroneous endocrine communication and/or interfere with the complex 
system of hormonal feedback loops. Some toxicants can mimic hormone 
activity (agonists) while others can inhibit normal hormonal function 
(antagonists). In some instances, this effect is intentional (e.g., 
pharmaceuticals used for birth control such as ethinylestradiol or 
levonorgestrel), but toxicants can also be unintentional endocrine disruptors 
(e.g., industrial chemicals like bisphenol A, phthalates). Interference or 
mimicry of sex steroids (estrogens and androgens) can also significantly 
affect reproduction. Most of the activity of the endocrine system has 
sensitive feedback loops, and toxicants that affect or mimic hormones often 
affect multiple endocrine glands. 


5.6.5 Reproductive toxicity 


The purpose of the reproductive system is to produce good quality gametes, capable 
of fertilisation and producing a viable offspring, which can in turn successfully 
reproduce. This requires a large number of complex processes, orchestrated in a 
precise order for optimal performance at different life stages. The fact that 
chemicals can adversely affect reproduction in males and females is not a new 
notion. One only has to look at the importance of drugs as contraceptives to realise 
how sensitive the reproductive system can be to external chemical influences. 
Endocrine communication is critical to proper reproductive function, and toxicants 
that can adversely affect endocrine glands also generally result in reproductive 
toxicity. A wide range of environmental chemicals are known to mimic or inhibit 
androgens (e.g., trenbolone, vinclozolin, procymidone, linuron, p,p’-DDE, 
phthalates), estrogens (e.g., methoxychlor metabolites, ethinylestradiol, bisphenol 
A, nonylphenol, DDT) or progestogens (e.g., levonorgestrel, norethindrone). 
Exposure to these hormone mimics can adversely affect reproductive functions. 

Sex hormones (androgens and estrogens) are particularly important in foetal 
reproductive organ development, puberty and sexual maturation. These stages are 
thus inherently susceptible to endocrine disruption. Toxicants such as PCBs, 
DDT/DDE, brominated flame retardants, dioxins, hexachlorobenzene, personal 
care products and heavy metals have been linked to reproductive abnormalities, 
although their exact mechanism is often unknown. 
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The female reproductive cycle relies on subtle hormonal communication 
between the pituitary and ovarian secretions of progesterone and estrogens. These 
hormones determine ovulation and prepare the female accessory organs to receive 
male sperm. Disruption of these hormonal cues can lead to infertility. Disruption 
of the luteinising hormone (LH) surge, for example, by the pesticides 
chlordimeform and N-methyldithiocarbamate prevents or delays ovulation, which 
has been shown to cause infertility in laboratory animals. 

Male reproductive processes also rely on carefully orchestrated hormonal 
communication through the hypothalamic-pituitary-testes axis, and endocrine 
disruption can also affect male reproduction. The vast majority of male 
reproductive toxicants affect sperm production (spermatogenesis). Some of these 
toxicants act via indirect routes, such as nutrient disruption after exposure to zinc, 
or increased steroid clearance by the liver due to carbon tetrachloride exposure. 
Most toxicants affecting spermatogenesis, however, do so via a direct effect on 
testis or spermatogenesis itself by interfering with or damaging Sertoli cells (e.g., 
phthalate ester metabolites, dibromoacetic acid, m-dinitrobenzene) or interfering 
with energy production in sperm cells (e.g., chlorosugars, epichlorohydrin). 

Reproductive toxicants can also affect fertilisation and implantation as successful 
pregnancy depends heavily on complex and subtle hormonal communication. These 
processes are also susceptible to endocrine disruption (e.g., some pharmaceuticals 
used to terminate pregnancies interfere with progesterone synthesis). 


5.7 CONCLUSIONS 


The purpose of this chapter was to give the reader an appreciation of the normal 
function and significance of different organs and organ systems in the human 
body, and to describe toxic effects and define mechanisms of toxicity. Humans 
exposed to contaminated water can exhibit a wide variety of tissue-, organ- and 
organ system-level responses, many of which can be traced back to the effect of 
the toxicant at the molecular or cellular level, illustrating the concept of toxicity 
pathways introduced in the previous chapter. Monitoring those molecular or 
cellular events using in vitro bioassays may therefore provide a simple screening 
method to detect toxicants in water, and Chapter 10 reviews in vitro methods 
available to measure toxic effects discussed here. 


Chapter 6 


Adverse outcome pathways of 
chemicals in aquatic organisms 


6.1 INTRODUCTION 


Ecotoxicology is the study of the effects of toxic substances and other stressors on 
the structure and function of ecosystems. The discipline has evolved relatively 
independently of human toxicology but with the concept of adverse outcome 
pathways (AOPs) and the recognition that chemical stressors perturb cellular 
functions in a similar manner, the two fields have come closer together. 

Aquatic organisms can bioaccumulate pollutants via direct uptake from water 
across skin or gills and from their diet. The level of bioaccumulation is dependent 
on the physicochemical properties of the chemicals with lipophilic chemicals 
accumulating to a greater extent than hydrophilic chemicals. 

The aquatic component of the ecosystem is in perpetual contact with the other 
environmental compartments including those of air, sediment and soil, and the 
ecotoxicological principles for all compartments are similar. 

A crucial driver of the discipline of ecotoxicology was Rachel Carson's 'Silent 
Spring', published in 1962 (Carson, 1962). It denounced the negative impacts of 
organochlorine pesticides such as DDT on humans and the environment. A 
comprehensive treatise on ecotoxicology can be found in various textbooks, with 
recommendations for Newman's ‘Fundamentals of Ecotoxicology’ (2019), 
Walker’s ‘Principles of Ecotoxicology’ (2012) and Landis and Yu’s ‘Introduction 
to Environmental Toxicology: Impacts of Chemicals Upon Ecological Systems’ 
(2004). 
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In this chapter, we focus on some of the basics of ecotoxicology and mechanistic 
approaches to aquatic toxicology and ecosystem health. This chapter builds on the 
foundation laid in Chapter 4 and uses the AOP concept in a conceptual manner 
rather than detailing individual AOPs. The purpose of this chapter is to 
understand the toxicity pathways of chemicals in aquatic organisms sufficiently 
to select appropriate in vitro tools for water quality assessment. Since the first 
edition of this book, which appeared shortly after the introduction of the AOP 
concept to this field of research, more than 350 AOPs have been developed 
that contain >1000 key events and almost 2000 key event relationships 
(aopwiki.org, accessed on 20 December 2020). Many of the available AOPs 
describe adverse outcomes on fish health with only a few AOPs addressing algae 
and invertebrates. 


6.2 FROM THE CELLULAR LEVEL TO THE ECOSYSTEM 


To understand the effects of chemicals on ecosystems, we need a mechanistic 
understanding on how chemicals act on individual organisms as well as an 
understanding of the complex interactions occurring in ecosystems. 

Comprehensive field studies in natural ecosystems are limited to cases of 
unintentional contamination because obviously planned exposure studies and the 
intentional contamination at the ecosystem level are ethically unacceptable. The 
majority of ecotoxicology research has therefore focused on laboratory studies 
with single species that are representative of different trophic levels. An overview 
of commonly used test species and endpoints is given in Chapter 3. While 
integrated assessment in ecosystems may be more relevant than laboratory 
studies, they are less controlled and can only detect overall apical responses that 
are difficult to interpret. Studies with simplified model ecosystems (e.g., meso- 
and macrocosm) are viable alternatives to real ecosystem assessments because 
aspects of food chains and ecosystem interaction can be integrated (Chapter 3). 
Further, controlled model systems have the benefit of being able to include 
quality assurance/quality control (QA/QC) measures such as negative and 
positive controls as well as replicate experiments (Chapter 11). Despite these 
obvious advantages, model ecosystem studies are very expensive and typically 
only conducted in higher tiers of pesticide risk assessment. 

If single organisms are tested, apical endpoints such as developmental 
dysfunction, reproductive failure and death are often measured (Chapter 3). Acute 
toxicity tests are performed over a timeframe of several hours to several days. To 
be protective of the entire ecosystem, one must extrapolate the information 
gained from acute tests to safe levels for the entire population and from 
short-term to long-term exposure (Figure 6.1, top panel). Such extrapolation can 
be accomplished by applying extrapolation and uncertainty factors (Chapter 2). 
This process must be completed for many aquatic species to obtain an idea about 
the species sensitivity distributions (SSD). Generally, the lower fifth percentile 
(HC5) of a distribution of chronic ‘no observed effect concentrations’ (NOEC) is 
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Figure 6.1 Comparison of the traditional holistic approach for aquatic toxicity 
assessment of chemicals and the novel mechanistic approach based on AOPs. 
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considered sufficiently low to protect ecosystem integrity and functioning 
(Posthuma et al., 2002), although concentrations as low as one percentile may be 
needed for chemicals known to bioaccumulate. 

In the AOP approach the cellular level response pathway, which is often highly 
conserved in different species, is used to obtain a mechanistic picture of the species 
sensitivity, which facilitates extrapolation from cellular responses to expected 
effects on ecosystems (Figure 6.1, bottom panel). 

Although AOPs are central organising principles, the quantitative link to 
individual organism responses must still be established to allow the 
implementation of AOPs to population level models (Kramer et al., 2011). 
Species sensitivity differences can be related to differences in toxicokinetics, 
specifically the metabolic capacity of different species, and to differences in the 
toxicity pathways. Species with shared ancestry will have similar AOPs due to 
the close homology of genes (Celander et al., 2011). Read-across is thus possible 
for highly homologous species. Read-across from human drug targets to adverse 
effects in fish is even possible for evolutionarily well-conserved targets. 


6.3 ADVERSE OUTCOME PATHWAYS FOR AQUATIC 
ORGANISMS 


Chapter 3 introduced the most fundamental members of aquatic food chains — 
primary producers, invertebrates and vertebrates. Common apical endpoints 
measured for these organism groups are growth inhibition, immobilisation and 
mortality, respectively. In the following section, the concept of AOPs for aquatic 
organisms is illustrated using examples from these three taxonomic groups. For 
each organism group, the AOPs for non-specific toxicity are compared with one 
selected specific mode of action (MOA), using specific toxicity of herbicides, 
insecticides and estrogens as illustrative examples for algae, water fleas and 
fish, respectively. 
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6.3.1 Adverse outcome pathways for algae 
6.3.1.1 Baseline toxicity 


We have learnt in Chapter 4.4.1 that baseline toxicity is the minimal toxicity that any 
compound exhibits. This is of high relevance in the aquatic environment, where all 
chemicals present act together in a concentration additive manner, potentially 
resulting in an appreciable level of baseline toxicity. The molecular targets of 
baseline toxicants are biological membranes, which can become leaky, disrupting 
their structure and function (van Wezel and Opperhuizen, 1995) (Figure 6.2). In 
algae, such membrane disruption will indirectly affect photosynthesis efficiency, 
as the electron transfer chain of algal photosystems is embedded in the 
chloroplast membrane. 

The biologically effective concentration of baseline toxicants is the same for all 
chemicals, that is, every chemical has the same baseline effect once it has crossed 
the membrane. The apparent differences in potency between different chemicals 
thus stem exclusively from differences in uptake and other toxicokinetic 
processes. The more hydrophobic a chemical is, the higher its degree of 
accumulation in algae and consequently the lower the dosed concentration 
required to trigger the baseline-toxic effect. 

A feature of baseline toxicity is that it is a reversible MOA. Once the algae are 
transferred to clean water, the baseline toxicants can be depurated, enabling the 
algae to recover from the toxic stress, provided that no irreversible secondary 
effects have occurred. Furthermore, baseline toxicity-mediated photosynthesis 
inhibition occurs at much higher chemical concentrations than specific inhibition 
of photosynthesis. Nevertheless, at the organism level, reduced photosynthesis 
leads to lowered energy for cellular growth causing cells to stop dividing. At the 
population level, this effect manifests itself by a slower population growth rate or 
decline in population size (Figure 6.2). 


Adverse outcome pathway in algae: 
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Figure 6.2 Adverse outcome pathway for baseline toxicants in algae. Adapted from 
Ankley et al. (2010). 
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Figure 6.3 Adverse outcome pathway for herbicides in algae. 


6.3.1.2 Inhibition of photosynthesis by herbicides 


Herbicides are used for weed control but they also have the negative effect of 
inhibiting photosynthesis in non-target plants and green algae. Important classes 
of herbicides are the triazines, such as atrazine, simazine and irgarol, and 
phenylurea herbicides, such as diuron and isoproturon. Both groups of herbicides 
bind to a quinone-binding site on photosystem II, blocking photosynthetic 
electron transfer (Figure 6.3). As a result, no energy in form of ATP is produced, 
causing a loss of chlorophyll, slower growth, smaller cell size and ultimately 
death of algal cells. The ultimate observable effects are the same as for baseline 
toxicity, but these specific effects occur at chemical concentrations that are orders 
of magnitude lower than baseline toxicity. 

Vogs and Altenburger (2016) developed a combined toxicokinetic/ 
toxicodynamic model that could differentiate well between different AOPs with 
effect progression, that is, time to progress from molecular initiating event 
(MIE) to apical effect, being shortest for specific photosynthesis inhibitors 
followed by chemicals that cause oxidative stress and those which interfere with 
lipid synthesis. 


6.3.2 Adverse outcome pathways for invertebrates 
6.3.2.1 Baseline toxicity 


Baseline toxicity occurs in aquatic invertebrates such as the water flea Daphnia 
magna at the same internal concentration as in algae. As water fleas are 
metabolically more active, the baseline toxicants can be better detoxified and thus 
the apparent toxicity in relation to the external exposure concentration may be 
lower. Apart from this one exception, the molecular interactions of baseline 
toxicants in cell membranes of water fleas and algae are the same (Figure 6.4). 
Mitochondrial dysfunction is also one of the characteristics of baseline toxicity 
(Vinken and Blaauboer, 2017). Despite this similarity in MIE, the apical 
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Figure 6.4 Adverse outcome pathway for baseline toxicants in the water flea 
Daphnia magna. Adapted from Ankley et al. (2010) and Vinken and Blaauboer (2017). 


endpoints observed in water fleas differ from algae. The effects in water fleas will 
mainly manifest themselves as reduced ventilation/respiration rate, which equates 
to immobilisation and eventually death at the organism level. 


6.3.2.2 Activity of insecticides 


Insecticides such as organophosphates or carbamates inhibit the enzyme 
acetylcholinesterase (AChE). AChE is responsible for breaking down the 
neurotransmitter acetylcholine. Inhibiting this breakdown process induces a 
constant chemical signal firing across the synapse, leading to over-excitation of 
nerves. This over-excitation is initially expressed as rapid movement, 
consequently leading to excessive expense of energy before the ultimate 
responses of immobilisation and death occur. Invertebrates such as insects and, in 
our example, water fleas are particularly sensitive to organophosphates. First, in 
terms of toxicokinetics, organothiophosphates such as diazinon must be 
metabolically activated to their bioactive form, for example, diazoxon, in order to 
induce their MIE of binding to AChE (Figure 6.5). This metabolic activation is 
particularly efficient in water fleas with little detoxification but strong activation 


di 
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Figure 6.5 Adverse outcome pathway for the inhibition of acetylcholinesterase 
(AChE) in the water flea Daphnia magna. Adapted from Russom et al. (2014). 
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(Kretschmann ef al., 2011). Second, in terms of toxicodynamics, the AChE of 
Daphnia magna is particularly sensitive to organophosphates (Kretschmann 
et al., 2012). Carbamates differ from organophosphates in that metabolic 
activation is not required for the binding, which is reversible (Jeon et al., 2013). 
Organophosphates bind covalently to the enzyme, causing it to hydrolyse further, 
which makes the binding irreversible. 

Russom et al. (2014) developed a formal AOP for inhibition of AChE leading to 
acute mortality for various taxa, recognising the highly conserved MIE but also 
species-specific differences in toxicokinetics and AChE binding domains. 


6.3.3 Adverse outcome pathways for fish 
6.3.3.1 Baseline toxicity and mitochondrial dysfunction 


Baseline toxicity affects the same molecular and cellular mechanisms in fish as in 
the invertebrate and algal species discussed above, but the consequences are 
somewhat different (Figure 6.6). The initial effect of baseline toxicity is a loss of 
equilibrium. Fish that normally swim in fast flowing rivers against the current can 
no longer maintain their position. Non-targeted swimming may lead to increased 
vulnerability to predators and difficulty in mating. At higher concentrations, 
baseline toxicity leads to narcotic effects and eventually to death. 

Mitochondrial dysfunction is also one of the key features of baseline toxicity but 
there are also specific effects on mitochondria that lead to the same symptoms at 
much lower concentrations of chemicals. Souders et al. (2018) demonstrated how 
oxidative respiration in fish embryos can be used to identify specific MIEs such 
as uncoupling of oxidative phosphorylation, specific inhibition of the electron 
transfer chain and inhibition of ATP synthesis. 


6.3.3.2 Reproductive toxicity 


Many pathways can lead to reduced reproductive success or even reproductive 
failure (Figure 6.7). Natural estrogens and xenoestrogens (e.g., nonylphenol and 
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Figure 6.6 Adverse outcome pathway for baseline toxicants in fish. 
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Figure 6.7 Adverse outcome pathway for reproductive effects in fish. COX — 
cyclooxygenase. Adapted from Ankley et al. (2010), Martinovic-Weigelt et al. 
(2017) and Martyniuk et al. (2020). 


bisphenol A) occurring in environmental waters can bind to estrogen receptors in 
fish, triggering a number of cellular responses that would normally be triggered 
by endogenous hormones. Inducing such cellular responses at the wrong time can 
cause both structural and functional problems in the fish. One major problem of 
estrogenic effects is that they can induce feminisation of male fish. At the cellular 
level, this translates to feminisation of the phenotype and production of 
vitellogenin (an egg yolk protein precursor produced in liver cells) in both 
females and males. In male fish, estrogenicity can further induce notable changes 
in sexual development such as the formation of ovotestis (egg cells in the testis 
tissue) and intersex. Such changes evidently lead to reproductive failure (or 
reduced reproductive success) and can eventually wipe out entire populations 
(Kidd et al., 2007). Anti-androgenic chemicals can similarly antagonistically 
impact the androgen receptor, reducing testosterone levels and cause reproductive 
failure due to damaged or immature sperm. Cyclooxygenase (COX) inhibitors 
disrupt prostaglandin synthesis, leading also ultimately to reproductive toxicity in 
female fish by preventing oocyte maturation. 


6.4 USING /N VITRO ASSAYS TO UNDERSTAND TOXICITY 
PATHWAYS IN AQUATIC LIFE 


A general introduction as to how in vitro assays can be used for the elucidation of 
toxicity pathways is given in Chapter 9 and applications for water quality 
monitoring are discussed in Chapter 10. Specifically, for aquatic organisms, one 
would choose cell lines and reporter gene assays derived from the tissues of 
aquatic biota such as fish cell lines (Schirmer, 2006). 


Adverse outcome pathways of chemicals in aquatic organisms 99 


However, given the high degree of conservation of cellular pathways, it is often 
acceptable to use a construct from different species. The yeast estrogen screen 
(Routledge and Sumpter, 1996), for example, is based on a yeast cell line 
transfected with a human estrogen receptor, but the assay is a widely applied 
bioanalytical tool for assessing estrogenicity in water, where fish are the primary 
target for EDCs. Likewise, reporter gene assays based on human and zebrafish 
nuclear receptors yielded similar responses of water samples (Neale et al., 2020c). 


6.5 CONCLUSIONS 


The concept of AOPs bridges the initial cellular level effects of toxicants with the 
organism level outcome. The application of this concept to aquatic organisms 
demonstrates the ability of in vitro bioassays to detect subtle toxic effects in 
aquatic organisms, thereby highlighting the potential of in vitro bioassays to 
replace, reduce and/or refine whole organism testing. 


Chapter 7 
Dose-response assessment 


7.1 INTRODUCTION 


The central paradigm in toxicology is that ‘the dose makes the poison’. In fact, all 
substances, even something as innocuous as table salt, are poisonous if taken in 
sufficient quantity. Understanding the dose-response relationship can therefore, 
quite literally, be a matter of life or death. A dose-response curve is the 
mathematical display of this paradigm. From a dose-response curve we can 
derive various descriptors of effect, for example, the lethal dose LDso or the 
highest concentration where no effect was observed, the no observed effect 
concentration (NOEC). 

A dose is the total quantity of a chemical delivered to a test animal or system. 
We know doses from pharmaceuticals we take, for example, one tablet or 200 mg 
of aspirin if we have a headache. In toxicity testing it makes more sense to report 
a normalised dose, for example, dose per kg of body weight of the test animal. 
For in vitro bioassays, the dose is difficult to quantify because it will depend on 
the number of cells and the medium volume. Therefore, concentrations are the 
typical dose-metrics in cell assays. A concentration is the mass or molar amount 
of a chemical divided by the volume of the test system. 

This chapter introduces dose-response assessment in general terms before we 
focus on concentration-response curves (CRC) in in vitro assays. We 
differentiate between the activation of a certain response on the level of 
molecular initiating event or key event (Chapter 4) and cytotoxicity. We present 
various options for modelling CRCs and deriving benchmark doses (BMD) or 
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benchmark concentrations (BMC). Effect concentrations of water samples are 
expressed in units of relative enrichment factors (REF) instead of concentrations 
because water samples contain undefined complex mixtures of chemicals but can 
be translated into bioanalytical equivalent concentrations (BEQ) for an easier 
analogy to the effects caused by single chemicals. 


7.2 DOSE-RESPONSE ASSESSMENT 
7.2.1 Dose-response curves 


A dose-response curve plots the response (e.g., death, or a more subtle sublethal 
effect) of a population under study (e.g., rats, mice) against increasing dose of the 
test chemical applied to the system (Figure 7.1). The dose-response curve looks 
like a saturation curve on a linear dose scale but is typically sigmoidal on a 
logarithmic scale. 

On the lower left of the log dose-response curve, at very low doses, there is no 
measurable response in the test system. It is important to note, however, that a close 
look at the lower end of the dose-response curve on a linear dose scale reveals that 
the relationship between dose and response is in fact linear at low doses when the 
dose is not in logarithmic scale (Figure 7.1). 

Figure 7.1 shows that as the dose is increased, there is initially no detectable 
increase in the monitored response. Eventually, a detection threshold is reached 
above which the response quickly increases with increasing dose in a near linear 
manner (actually log-linear, as the x-axis is on a log-scale). The dose-response 
curves then levels to a maximum of 100%. This dose-response curve is common 
to all biological responses, although it can sometimes be affected when more than 
one type of effect co-occur in the test system as is discussed in more detail for 
cytotoxicity and activation of an effect. 
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Figure 7.1 A dose-response curve with the dose on the x-axis and the response 
(in 96) on the y-axis. If the dose is plotted on a logarithmic scale, the typical 
sigmoidal form is visible. The figure on the right depicts the low-response level 
linear portion of the dose-response curve. 
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7.2.2 Dose benchmark values 


Several important parameters can be described by the dose-response curve. The 
most common descriptor is the LDso, the dose that is lethal to 50% of the 
organisms in a test population (Figure 7.2). The highest dose tested that is not 
statistically different from the negative control is referred to as the ‘no observed 
adverse effect level’ (NOAEL), while the next dose above, that is, the lowest 
dose tested that is statistically different from the negative control, is called the 
‘lowest observed adverse effect level’ (LOAEL). In general term, these dose 
values are called point of departure (POD) in risk assessment for extrapolation to 
safe levels for sensitive human populations. 

A major issue with LOAEL and NOAEL as expressions of toxicity is that they 
are dependent on the experimental design (i.e., dose spacing) and variability of 
the data, which could be affected by the number of replicates for each dose or the 
inherent variability of the test system. Therefore, parameters that are calculated 
from the whole dose-response relationship are preferred expressions of toxicity, 
such as the BMD. The BMD,o for example is the dose calculated from the 
dose-response curve required to produce 1096 of the maximum response. 
Another common parameter is the benchmark dose level (BMDL), which is the 
lower confidence boundary of the BMD. The BMD is preferred over NOAEL 
and LOAEL because it does not depend on the experimental doses and takes into 
account the shape of the full dose-response curve (black line in Figure 7.2). A 
limited number of data points or high variability in the controls can cause the 
NOAEL to be much higher, as high as 40-50% of the response, while for the 
same situation the BMDL becomes smaller due to the higher uncertainty (Haber 
et al., 2018), which is more precautious from a risk assessment perspective. 
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Figure 7.2 Atypical dose-response curve with the logarithm of the dose on the x-axis 
and the response (in 96) on the y-axis. (a) Individual response data points and 
derivation of no observed adverse effect level (NOAEL) and lowest observed 
adverse effect level (LOAEL). The grey area represents the variability of the 
negative control. (b) The same data plotted as averages and described with a 
dose-response model used to derive the lethal dose (LD55) and the benchmark 
dose (BMD4o). 
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7.2.3 Continuum of toxicity 


As described in Chapter 4, in the case of chemical-mediated toxicity, effects at low 
levels of biological complexity (e.g., molecular and cellular) can translate into 
higher-order effects at the tissue, organ and eventually organism level, depending 
on the severity of the effect and the ability of compensation and repair 
mechanisms to cope with the damage. This continuum of toxicity can also be 
plotted on a dose-response graph, which shows that as the dose increases so does 
the level of biological complexity affected (Figure 7.3). 

Let us delve into this continuum by using the example of a liver toxicant that 
interferes with a liver enzyme. At low dose, the toxicant has no noticeable effect 
on the liver enzyme. As the dose increases, increasing amounts of the enzyme is 
inactivated by the toxicant. Initially, this effect has no further consequence 
beyond the molecular level, but as more and more of the enzyme is affected, the 
increasing molecular dysfunction starts to affect cellular health and finally, 
cytotoxicity becomes evident. The organ, in this example the liver, can deal with 
a certain amount of cellular damage and initially the death of a few individual 
liver cells has no further impact. But above a certain dose, the cellular damage 
exceeds the compensatory capacity of the organ, and organ damage occurs. 
Eventually, sufficient organ damage occurs to negatively affect the whole 
organism, ultimately resulting in death. 

The continuum of toxicity is one of the reasons it is logical to attempt to detect 
toxicants by their effect at the molecular and cellular level, as is done with in vitro 
bioassays. Indeed, the molecular and cellular effect will occur at much lower doses 
than those causing organ and/or organism-level effects detectable in in vivo tests. 
Using a well-designed battery of in vitro bioassays therefore allows a sensitive 
assessment of toxic potential. As previously mentioned, a response at the 
molecular and cellular level does not necessarily translate into higher-order 
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Figure 7.3 Continuum of toxicity. As the dose increases, so does the level of 
biological complexity that is affected by the toxic compound. 
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effects, but in chemical-mediated toxicity, higher-order effects cannot occur without 
preliminary molecular or cellular level effect. 


7.3 CONCENTRATION-RESPONSE ASSESSMENT 
7.3.1 ‘Concentration’ versus ‘dose’ 


In aquatic ecotoxicology and in cell-based bioassays, the exposure is usually 
expressed as the concentration of chemical in the medium (eg. ng test 
compound per litre of water) instead of the dose (e.g., mg test compound per kg 
body weight). The cellular concentration is the biologically effective 
concentration (BEC), but we cannot easily measure this dose as is outlined in 
more detail in Chapter 9. The concentration in the medium surrounding the cells 
provides a better estimate of the BEC than any actual dose parameter (Kisitu 
et al., 2019). The dose in an in vitro test would relate to the amount of chemical 
added to the well of a microtitre plate. How much of that dose reaches the cells 
depends on the number of cells and especially the volume of the medium. For the 
same number of cells and the same dose added, there will be threefold increase in 
concentration if the volume of the medium is reduced by a factor of 3. Therefore, 
‘concentration’ is more accurate than ‘dose’ with aquatic test systems, and the 
‘dose-response curve’ in cell-based bioassays is more commonly referred to as 
the 'concentration-response curve’ (CRC). More details on dose-metrics are 
discussed in Chapter 9.4.1. 


7.3.2 ‘Response’ can mean toxicity or effect 


In order to avoid confusion, we are referring to any kind of biological effect as a 
‘response’. All CRC can be fitted with the same mathematical models but, 
depending on the bioassay, the response can refer to toxicity (lethality, inhibition 
of growth, inhibition of cell viability) or to effects, which may include binding to 
nuclear receptors, induction or inhibition of metabolic enzymes or activation of 
adaptive stress responses. Effects do not necessary lead to toxicity and 
manifestation of an effect in an in vitro bioassay such as a reporter gene assay 
does not necessarily equate to effects on higher levels of biological organisation, 
and it is inaccurate to use the term ‘toxicity’ when describing sublethal responses. 
In the section below, we therefore describe the CRC equations in general terms 
before discussing benchmark values for toxicity and effects independently. 


7.3.3 Concentration-response modelling 


There are many different approaches to fit the CRC to the raw data. Many parametric 
models are available in the literature that have been successfully used to fit 
sigmoidal logarithmic CRCs of various forms (Scholze et al, 2001). More 
recently, Bayesian approaches have become popular for CRC modelling. While 
they can fit even the noisiest data, such models might not be useful for the 
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purpose of water quality monitoring. For water quality monitoring it is essential to 
be able to compare between samples and to compare samples with individual 
components’ CRCs as well as process large numbers of CRCs. 

Among the many parametric models to choose from, the log-logistic equation 
presented in Equation 7.1 (also called Verhulst or Hill equation) has the 
advantage that it provides the median response concentration RCso directly and 
that the other parameters of the equation (min, max and slope) all have biological 
relevance. Figure 7.4 depicts a CRC for bacterial cytotoxicity caused by the 
pharmaceutical diclofenac. Note that because the response is inhibition of 
bioluminescence, the RCso is termed inhibitory concentration ICs, in this example. 

max — min 


Response (96) = min+ | + I0sope dog Stee? (7.1) 


where min is the minimum response (046 inhibition in the example in Figure 7.4), 
max is the maximum response (100% inhibition in Figure 7.4), slope is the slope 
of the curve (2.4 in Figure 7.4), log RCso is the logarithmic value of the RCso 
(loglCs5 = —3.9 in this example, corresponding to an ICso of 1.3 x 107^M in 
Figure 7.4), and log C is the logarithmic concentration. 
If the response ranges from 0 to 100%, the equation simplifies to 
1 


Response (%) = I T T0slope- dog Recker? (7.2) 


The concentration associated with a y% response (RC,) can be calculated by 
solving the equation for log RC,, as shown in Equation 7.3. 


à s. 
logRC, = logRCs0 — Ae" wel? E i) (7.3) 


y — min 
where logRC, is the logarithm of the response concentration RC, logRCso is the 
logarithmic RCso value from the curve equation, max is the maximal response 
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Figure 7.4 Typical concentration-response curve on the example of diclofenac in the 
bioluminescence inhibition assays with Aliivibrio fischeri (Baumer et al., 2017). 
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(usually 100%), min is the minimal response (usually 0%), y is the % response for 
which you wish to determine the concentration (e. g., for RC; the response is 10%), 
and slope is the slope of the curve. 


7.3.4 Concentration benchmark values 


Concentration-response models allow the computation of the concentration 
associated with any specific response level, where RC, is the effective 
concentration required to cause y% of the response. The most commonly used 
value is the RCso, the concentrations required to cause 50% of the response. In 
assays for cytotoxicity, the response is usually referred to as lethal, and the 
concentration referred to as lethal concentration (LCy). Likewise, inhibitory 
concentrations (IC,) are used when the assay quantified an inhibitory response. In 
the example in Figure 7.4, the ICso identifies the concentration that causes 5096 
inhibition of bioluminescence, while the IC,o is the concentration that causes 
10% inhibition. 

In parallel to the dose-response analysis (see Section 7.2.2), the ‘lowest observed 
effect concentration’ (LOEC) is the lowest concentration tested that produce a 
significant deviation from the control (unexposed bacteria in this example) and 
the ‘no observed effect concentration’ (NOEC) is the highest tested concentration 
that does not produce an effect significantly different from the control 
(Figure 7.5). Just like the LOAEL and NOAEL, the LOEC and NOEC are 
affected by the specifics of the experimental design (concentrations tested, 
number of replicates and variability of the test system). They are therefore falling 
out of favour, replaced by parameters calculated from the full CRC such as the 
concentration required to produce 10% of the response (RC;o) — commonly 
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Figure 7.5 Typical concentration—toxicity curve with diclofenac in the 
bioluminescence inhibition assays with Aliivibrio fischeri as an example (Baumer 
et al., 2017) with ‘no observed effects concentration’ (NOEC), ‘lowest observed 
effects concentration’ (LOEC), and inhibitory concentrations IC;) and ICs 
indicated. The grey bar depicts the variability of the controls (unexposed cells) with 
a mean of 0.01 + 1.9% inhibition, which is enlarged in the inset. 
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Figure 7.6 Typical concentration-response curve (Equation 7.1) with EC49 and ECso 
values indicated. The depicted data are typical of average + standard deviation of an 
experiment with the ER CALUX bioassay (Leusch, unpublished). 


referred to as EC; io LC; o or Wun ('effective', ‘lethal’ and ‘inhibitory’ 
concentrations, respectively) or for reporter gene and transactivation assays 
PCso, the concentration of a test chemical, at which the measured activity is 
5096 of the maximum activity induced by the positive control (PC). The big 
advantage of synthesising the whole concentration-response relationship into a 
few parameters is that the entire dataset is used rather than individual points (such 
as LOEC and NOEC). This provides more confidence in the reliability of 
the analysis. 

Another example of a CRC with a reporter gene assay (Figure 7.6) identifies 
the concentration of 17p-estradiol concentration required to produce 10% and 
50% of the maximal luciferase induction in the ER-CALUX reporter gene 
bioassay for estrogenicity, calculated as ECso = 1.2 ng/L and EC io = 0.06 ng/L 
using Equation 7.1 with EC replacing RC. 

Tox21 employs a specific data evaluation pipeline in R called ToxCast Analysis 
Pipeline (tcpl) for high-throughput screening data, which includes three CRC 
models. One is simply a constant effect over concentration (slope — 0), the 
second is equivalent to Equation 7.1, and the third is a gain-loss model, which 
can describe CRC that after saturation comes down again (Filer er al., 2016). 
This inversion is typically caused by cytotoxicity masking the effect and 
therefore, for the purpose of water quality assessment, we recommend using a 
cut-off for cytotoxicity instead as described in Section 7.3.5, rather than using a 
CRCs with a turning point. 

The benchmark values used by Tox21 are indicated in Figure 7.7 using 
the same data as Figure 7.6. The AC50 and AC10 are equivalent to ECso and 
EC, respectively. The activity concentration at cut-off (ACC) is set at a 
user-defined cut-off (usually 1596-2096). The activity concentration at baseline 
(ACB) uses the two lowest concentration to derive the baseline band (BMAD) 
accounting for the noise of the bioassay by using three times median absolute 
deviation (MAD) over all responses of the two lowest concentrations around the 
zero effect. 
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Figure 7.7 Benchmark values applied in the ToxCast Analysis Pipeline (tcpl). 
Modified on the example of the data from Figure 7.6 according to Filer et a/. (2016). 
ACC set to 20% cut-off. 


7.3.5 Simultaneous effect and cytotoxicity in a 
cell-based assay 


In many cell-based assays there are two response types occurring at the same time — 
the actual effect of interest, and cytotoxicity. Enzyme induction in a liver cell 
line will, for example, increase with increasing concentration at first but decrease 
at higher doses. This is a typical example of cytotoxic interference, where 
measurable enzyme activity decreases at higher doses because the toxicant is 
becoming cytotoxic and starts destroying the liver cells (Figure 7.8). The same 
phenomenon can be observed in reporter gene assays and transactivation assays, 
where the activation of the reporter gene or the transactivation decreases when 
cells are dying. A related phenomenon is the cytotoxicity burst (Judson et al., 
2016), which occurs close to cell death and where all reporter genes can be 
non-specifically induced in a last-ditch attempt to rescue the cell. 

In bioassays where a specific response is normalised to the number of cells, 
cytotoxicity (a decrease in cell number) will cause an increase in the response:cell 
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Figure 7.8 Example of a bioassay response with cytotoxicity interference. The dotted 
line shows the theoretical effect but due to cytotoxicity (black line is cell viability), the 
measured effect has an inverted U-shape. In this case, the effect can only be 
evaluated up to the IC, for cytotoxicity. 
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ratio, thus in some cases wrongly suggesting an increase in the specific response. 
The CRC will in this case likely take an exponential shape because some of the 
cells found dead (decreased cell count) at the end of the exposure period will 
have produced a response in the earlier stages before succumbing to the cytotoxicity. 

Figure 7.8 demonstrates how we can deal with CRCs that are compromised by 
cytotoxicity interference. The effect data are removed above concentrations that 
cause 10% cytotoxicity (IC10). The downside of the need to omit any cytotoxic 
concentrations is that it often leaves an incomplete CRC, which means that the 
classical models cannot be applied because there are not enough values above 
50% effect included for curve fitting. This problem can be alleviated by focusing 
on the linear low effect portion of the CRC. 


7.3.6 Evaluating the linear portion of concentration-effect 
curves 


The higher effect levels are often compromised due to cytotoxicity in reporter gene 
assays when environmental samples are tested. Therefore, it is sensible to evaluate 
only the low-level linear range of the CRC. In addition, many water types such as 
drinking water and recycled water as well as pristine surface water contain few 
micropollutants and high effect levels are rarely reached. 

CRCS are typically linear up to 30% effect or cytotoxicity (Escher et al., 2018) 
and of the form of Equation 7.4, where y is the % effect or % cytotoxicity. 
Variability of the negative controls in cell-based assays is usually much tighter 
than it is in whole organism assays, and 10% effect is typically above the limit of 
detection (LOD, see Chapter 11). It is thus possible to derive EC) or IC; values 
for the linear CRCs using Equation 7.5 for EC, and Equation 7.6 for derivation 
of the standard error SE of EC,. 


y = slope - concentration (7.4) 
EC, 2 =: (7.5) 
slope 
SE (EC,) = "€ - SE (slope) (7.6) 
slope 


In practice, it is recommended to first derive the IC, for cytotoxicity from the 
linear portion of the CRC (% cytotoxicity = 100% — % cell viability). There are 
various possibilities to measure cell viability in parallel to effect endpoints as 
presented in Chapter 10. Then, only concentrations < ICj 9 are used for the 
derivation of the ECjo. In addition, the CRC is only linear up to about 30% effect 
(Figure 7.1), and any concentrations that trigger >30% effect also have to be 
omitted for CRC modelling (Figure 7.9). 

Certain reporter gene assays, for example, those indicative of adaptive stress 
responses or DNA repair, have no maximum for the CRC curves. For these types 
of assays, the signal can be converted to an induction ratio (IR) by dividing the 
signal by the signal of the negative control (Escher et al., 2014). The IR of the 
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Figure 7.9 Derivation of inhibitory concentration causing 10% cytotoxicity IC45 and 
effect concentration causing 10% effect EC4o from the linear portion of the CRC. 
Modified from Escher et al. (2018). Reprinted with permission by John Wiley and 
Sons © 2018. 


negative control is then by definition 1 and accordingly the linear portion of the CRC 
has an intercept of 1 (Equation 7.7). The benchmark concentration is ECjr,, with an 
IR of z, often z is 1.5, that is, 50% over the control and the EC is called ECjp1.5 
(Equation 7.8 with standard error in Equation 7.9). 


y = 1 + slope concentration (7.7) 
0.5 
ECiris = (7.8) 
slope 
SE (Bei al = — ; SE (slope) (7.9) 
slope 


As for bioassays where a maximum can be reached, we still have to deal with 
cytotoxicity interferences as Figure 7.10 shows. Concentrations > IC io for 
toxicity must be removed and the CRC is typically only linear up to an IR of 
approximately 3—4. 

Depending on the bioassay, the maximum response can be at IR of 2 up to over 
100. For a response where the maximum IR reaches 6, then the PC 5 is equivalent 
to the ECjo, but if the maximum IR is 2, then the ECrrı.5 is equivalent to the ECso. 
Hence, direct comparisons between EC values becomes cumbersome but the 
bioanalytical equivalency concept outlined in Section 7.5 can help us to 
overcome this difficulty. 
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Figure 7.10 Derivation of effect concentration triggering an IR of 1.5 ECir1.5 from the 
linear portion of the CRC. 


112 Bioanalytical Tools in Water Quality Assessment 


7.3.7 Antagonistic effects 


Effects on hormone receptors elicited by environmental chemicals in water samples 
may not only be of activating nature (agonism) but also inhibitory (antagonism). As 
a mirror to estrogenic effects, we can often observe anti-androgenic effects in 
surface water impacted by wastewater treatment plant effluent. Antagonistic 
effects are quantified in the presence of a constant concentration of an agonist, 
with antagonists suppressing the signal of the agonist. Typically, a concentration 
of agonist (e.g., estradiol) is chosen that has an effect of approximately 80% of 
the maximum effect (Figure 7.1 1a). 

A suppression ratio SPR can be calculated from Equation 7.10 from the effect 
(e.g., activation of the estrogen receptor) of the sample run in antagonist mode 
divided by the effect of the agonist alone. Note that previous work has 
abbreviated suppression ratio as ‘SR’, but we are using ‘SPR’ to avoid any 
confusion with the specificity ratio, which has the abbreviation SR (see Chapter 9). 


activations: 
SPR = 1 — P PS 
activatiOnasonist 


The SPR, often expressed as percentage (1 = 100%), is then also plotted against 
the logarithm of the concentration of the antagonist (Figure 7.11b). As for agonism, 
the CRC is also linear up to a SPR of 3096 (Figure 7.11c). However, it is typically 
not possible to derive an effect concentration for the SPR,o because this is often still 
within the variability of the agonist (red bar in Figure 7.11). Therefore, itis common 
practice to derive the ECspg»o from the linear portion of the CRC with Equation 7.11 
(Escher et al., 2014). 
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Figure 7.11 Approach to determine the antagonistic effect of a chemical or sample. 
(a) CRC of the activation of the estrogen receptors in presence of a constant 
concentration of agonist; (b) CRC for the data converted to suppression ratio (SPR) 
and (c) derivation of the concentration causing a SPR of 20%. Data from Escher 
et al. (2014). 


Dose-response assessment 113 


E = 
B B 100) $e: $ 50 Log[ago- 
Se 91 Š ist (M 
a+ 80 " S ` nist (MI 
e Ze Linear SPR. < 40 
os 60; °° range KE? a 30 © -7.6 
SŠ An? — oo + -8.8 
SS GEN e ed 
š 8 20] e i 
ge o 10 © -10.0 
E E i 0 e -10.6 
-og LoglentagonisQ Concentration antagonist 
[agonist] 


Figure 7.12 Example of the antagonistic effect of tamoxifen against different 
constant concentrations of 178-estradiol as agonist. Data from Neale and Leusch 
(2015). 


There are four major caveats when it comes to antagonism testing. First, the 
ECspn»o is heavily dependent on the concentration of the competing agonist. This 
is illustrated in Figure 7.12 for 17B-estradiol as agonist at different starting 
concentration with varying concentration of the antagonist tamoxifen (Neale and 
Leusch, 2015). Most stable and reproducible CRCs of SPR are obtained with a 
concentration of agonist that produces about 80% of the maximum effect (Neale 
and Leusch, 2015). 

Second, antagonism response curves are often more variable than their agonist 
equivalents. This is in part because it can be difficult to hit exactly the correct 
effect with the competing agonist, and even a small deviation from the 
recommended 80% can produce large deviations in the response. 

Third, antagonism testing is even more susceptible to cytotoxicity interference 
because concomitant cytotoxicity produces the same suppression of the activation 
signal as antagonism does. Therefore, the cytotoxicity cut-off has to be even 
stricter than in the case of activation, where we recommended to exclude all 
concentrations > Wun from the evaluation of activation (see Section 7.3.6). In 
antagonist mode, 10% cytotoxicity would cause a suppression of more than 10%, 
hence it is recommended to use an even stricter cytotoxicity cut-off. 

Finally, natural organic matter present in the sample after extraction can serve as 
a binding site for the competing agonist. This causes an apparent decrease in the 
activation signal that looks like antagonism but is really only an artefact due to loss 
of the agonist available for interaction with the reporter gene (Neale et al., 2015a). 


7.4 CONCENTRATION-RESPONSE CURVES OF WATER 
SAMPLES 


In applying in vitro bioassays to water quality assessment, it is imperative to be able 
to express the bioassay results in quantitative terms. Being able to express a bioassay 
result as a discrete value allows, for example, quantitative comparisons and ranking 
among different water samples, or comparison between ‘before’ and ‘after’ samples 
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to calculate treatment efficacy. Testing of water samples in in vitro bioassays is very 
similar to testing of model compounds. Once the water sample has been collected, 
extracted and concentrated, the extract is diluted to create a serial dilution series (i.e., 
a stepwise dilution that results in a range of concentrations) and each dilution is 
tested in the assay, as one would test different concentrations of a test chemical. 
In the case of water samples, each dilution will not have a typical concentration 
unit (such as ug/L or mol/L). Instead, the *concentration' can be expressed as a 
relative extraction factor (REF), which is unitless. 

The REF is calculated from Equation 7.12 as the product of the extraction factor 
(EF) from the extraction and concentration step and the dosing factor of the sample 
in the bioassay. If an undiluted water sample is used, the EF is set to 1. The EF can be 
calculated with Equation 7.13 and the dosing factor with Equation 7.14. 


. . mass or volume extracted 
Relative extraction factor REF — 


final volume in bioassay 
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final volume of extract L extract 

I f extract dosed | Lextrac 
Ee volume o FEIER ose tract (7.14) 

final volume in bioassay | Loioassay 


These equations work for any matrix, not just water. For water, which is often 
enriched by solid-phase extraction or liquid-liquid extraction, the EF is typically 
called ‘enrichment factor’. Other matrices from contaminated sites such as 
sediment and soil may have higher loads of contaminants and therefore are not 
enriched by the extraction process. We have therefore used ‘extraction factor’ as 
the more general term. Practical aspects of extraction and dosing are discussed in 
more detail in Chapter 12. 

The biological response can then be plotted against the REF of the sample for 
a range of dilutions to generate typical CRCs for diverse water samples with log 
REF as the concentration unit (Figure 7.13). Testing a water sample without 
enrichment would only really be worthwhile at the inlet of a wastewater treatment 
plant (WWTP), which generally produces a detectable response even at an REF 1 
(log REF= 0). Even then, effects after wastewater treatment are typically below 
10% (Figure 7.13a) and so it would be difficult to quantify treatment efficacy if 
water was not extracted and enriched. If we enrich by up to an REF of 100 (log 
REF = 2) and run full CRCs, then there is a very visible difference between 
untreated and treated wastewater (Figure 7.13a). Even field and lab blanks can 
show an effect (mostly due to impurities in extraction solvents), but normally 
only above an REF 30-100. For advanced treatment, drinking water and bottled 
water, it is even more important to enrich a lot: no effects would be visible in the 
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Figure 7.13 Concentration—inhibition curves of water samples from the Oxley Creek 
WWTP (a) and from the Bundamba AWTP and Brisbane River water (b) in the 
Microtox assay of bioluminescence inhibition in Aliivibrio fischeri. Concentrations 
are expressed as relative enrichment factor (REF, Equation 7.12). WWTP= 
wastewater treatment plant, AWTP = advanced water treatment plant, DWTP = 
drinking water treatment plant. Data from Macova et al. (2011). 


original water sample, while extracted samples have a spread of ECso values. It is 
important to check and assure that all CRCs show distinct differences from the 
field and lab blanks (Figure 7.13b). 


7.5 BIOANALYTICAL EQUIVALENCY CONCEPT 
7.5.1 Relative effect potency 


Being able to express the entire CRC in mathematical terms using as little as one or 
two parameters (logECs 9 and slope for sigmoidal CRCs and slope for linear CRCs) 
allows comparisons of the potency (i.e., the strength) of different samples or test 
compounds. To express the potency of one chemical i relative to another (usually 
the reference compound used in the assay), the CRCs of both chemicals are 
compared (Figure 7.14). 

The relative effect potency (REP;) of the test compound i relative to the reference 
compound can then be calculated by Equation 7.15 (Villeneuve et al., 2000) with the 
standard error SE(REP;)) by Equation 7.16. 


EC, (reference) 
REP; = —*—_—— 7.15 
EC, (i) ( ) 
1 EC, (reference . 
SE(REP;) = |—— SE(EC, (ref 24 oy. SE(EC (i))” 
( ) / EC, d? (EC, (reference)) EC, (EC, ()) 


(7.16) 
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Figure 7.14 Concentration—effect curves of a reference and a test compound. REP; 
is the relative effect potency of the test compound i compared with the reference 
compound. (a) REP; varies with effect level if the logarithmic CRCs are not parallel. 
For logarithmic CRC with the same slope (b) and for linear CRCs (c), the REP; are 
independent of the effect level. Reprinted with permission from Escher et al. 
(2018). The advantages of linear concentration-response curves for in vitro 
bioassays with environmental samples. Environmental Toxicology and Chemistry, 
37(9): 2273-2280. © 2018. John Wiley and Sons. 


As shown in Figure 7.14a and b, the REP; is only independent of the effect level if 
the logarithmic CRCs are parallel to each other, that is, have the same slope. In 
reality this is rarely the case and resulting issues are discussed in more detail in 
Villeneuve et al. (2000). In contrast, if the linear CRCs are used to derive the 
REP; (Figure 7.14c), the ratio is independent on the effect level and can also be 
calculated from the inverse ratio of the slopes of the linear CRC (Escher et al., 2018). 

The REPs derived from both in vitro and in vivo bioassays are used to determine 
the more comprehensive ‘toxic equivalency factors’ (TEFs). The TEF concept is 
used frequently in risk assessment, for example in the assessment of dioxin-like 
effects by the World Health Organization (Van den Berg et al., 2006). The TEF 
concept will be expanded upon in Chapter 8. 


7.5.2 Toxic units and toxic equivalent concentration 


Since small values of LC, or IC, equate to high toxicity and high values of LC, or 
IC, to low toxicity, we often use the inverse of the LC, or IC, to visualise toxicity as 
toxic units (TU, Equation 7.17). If the TU is directly derived from a bioassay 
experiment, we refer to it as TUpio. The TU can also be calculated from the 
chemical concentrations detected and their effect and are then termed TUchem, 
which will be further discussed in Chapter 8 on mixtures. 


1 


TÜ; s = ——— ——— TAT 
Ubio IC, (sample) ( ) 


In the same way that REP was used to quantify the relative effect of individual 
chemical compounds, the water sample can be quantified relative to the assay 
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reference compound using toxic equivalent concentrations (TEQ). The TEQ is the 
concentration of the reference compound that would be required to produce the 
equivalent effect in an assay as a given sample concentration. As highlighted in 
the discussion on REP above, it is important to ensure equality of slopes if 
sigmoidal logarithmic CRCs are used. Linear CRCs and linearly derived LC, 
and IC;o are preferable for determination of TEQ, where possible. The TEQy;, is 
the ratio of the LC, or IC, of the reference compound and the LC, or IC, of the 
water sample (Equation 7.18), where the former is expressed either as a molar 
concentration (e.g., 3 pmol/L) or as a mass-based concentration (e.g., 0.88 ng/L), 
while the latter is expressed in REF (i.e., unitless): 


. IC,(reference) 


TEQbio = (7.18) 


IC, (sample) 


7.5.3 Effect units and bioanalytical equivalent 
concentration 


Formerly, TU and TEQ were also used to express effect concentrations. This is 
misleading however, because, as discussed above, a measured effect in an in vitro 
assay is not necessarily a toxic effect — it might be an adverse effect or even a 
beneficial effect, such a defence mechanism. Therefore, we differentiate in this 
book strictly between ‘toxicity’ and ‘effect’, using ‘response’ as the general term. 
The analogous term to TU then is effect units (EU), and EU can be calculated 
by Equation 7.19. 
1 


EUbio = ———— ——— 7.19 
bio EC,(sample) ( ) 


The BEQ is the ratio of the EC, of the reference compound (expressed as a molar 
or mass-based concentration) and the EC, of the water sample (expressed as REF, 
i.e., unitless) (Equation 7.20) with the SE in Equation 7.21. 


BEQ,, = EC, (reference) (7.20) 
Be EC, (sample) ` 

SE(BEQ,;,) = | — — — —- SE(EC (referenco)  ECr reference)" SE(EC, (sample)? 
e EC, (sample)? g EC, (sample)* d E 

(7.21) 


When using the BEQ concept, it is important to pay particular attention to the 
choice of the reference compound. The optimal reference compound should be (i) 
a chemical linked to the mode of action of the bioassay, (ii) one of the most 
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potent compounds in the bioassay, and (iii) likely to be present in water samples. 
17p-Estradiol is an example of a good reference compound for bioassays that 
detect estrogenic endocrine disrupting compounds: it is a natural hormone and the 
native ligand for the estrogen receptor (the keystone of the estrogenic response), 
it is one of the most potent estrogenic compounds (second only to synthetic 
estrogens such as ethinylestradiol) and is commonly found in sewage-impacted 
waters. 

As an example, if the EC, for estradiol in a bioassay for estrogenicity was 
0.5 ng/L and a water sample had an EC;o of 0.1 REF, the BEQy;, expressed as 
estradiol equivalent concentration (EEQ) for this sample would be calculated as 
EEQ = 0.5 / 0.1 = 5 ng/L. 

There are many other BEQs - some commonly used BEQs are 
dihydrotestosterone equivalent (DHTEQ) used in bioassays for androgenic 
endocrine activity, diuron equivalent (DEQ) used in bioassays for photosynthesis 
inhibition, and chlorpyrifos equivalent (ChIEQ) used in bioassays for 
acetylcholinesterase inhibition. More examples are given in Chapter 10, where 
individual bioassays are discussed. 


7.6 CONCLUSIONS 


CRCs are the graphical representation of the response of a biological system to 
toxicants, and one of the cornerstones of toxicology. The concentration-response 
relationship can be expressed in simple mathematical terms using, for example, a 
log-logistic equation and at low effect levels even by a linear regression. This 
allows quantitative comparisons of different CRCs, determination of REPs of 
different toxicants and calculation of TEQ and BEQ for water samples. 

In the supplementary information to this book on www.ufz.de/bioanalytical- 
tools we provide additional resources for concentration-response assessment 
including example spreadsheets for the methods discussed in this chapter. 


Chapter 8 
Mixtures 


8.1 INTRODUCTION 


Chemicals rarely occur alone in environmental water samples and wastewater, but 
instead occur as mixtures. It is the mixtures that threaten water quality (Kortenkamp 
et al., 2019). While the concentrations of individual chemicals are often below any 
toxicity threshold and below the limit of detection (LOD) of chemical analysis, the 
effect of the mixture may still be a cause for concern. 

A wealth of literature is available on mixture toxicity experiments with binary 
(two components) and multiple component (more than two components) mixtures 
(Kortenkamp et al, 2009). Systematic investigations of complex mixtures 
comprising individual components at very low concentrations, such as found in 
wastewater and recycled water, are still not very common but we review in this 
chapter a number of emerging studies and introduce typical mixture designs. 

Unfortunately, many of the available mixture studies provide only anecdotal 
evidence and lack an explicit mechanistic understanding. In the last decades, 
concepts from pharmacology have been adapted to toxicology (Kortenkamp 
et al., 2009; Rider et al., 2018). With these came a conceptual breakthrough in 
that mixture effects are now typically categorised in four classes (Table 8.1). Two 
of these classes, called independent action (IA) and concentration addition/dose 
addition (CA/DA), are more common and have underlying mathematical models. 
IA applies when chemicals act according to different modes of toxic action. CA 
(in aquatic ecotoxicology) and DA (in mammalian toxicology) apply when 
chemicals trigger similar modes of toxic action. Again, the toxicity pathways give 
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Table 8.1 Concepts of mixture toxicity. 


Similar Mode of Dissimilar Mode of 
Toxic Action Toxic Action 
No interaction between Concentration addition Independent action (IA) 
chemicals in mixture (CA) or dose addition (DA) 
Interaction between Complex action (may lead Dependent action (may 
chemicals in mixture to synergy or antagonism) lead to synergy or 


antagonism) 


us guidance as to what constitutes similarity — starting with mixtures affecting the 
same target sites, triggering the same molecular initiating events (MIE) or key 
events (KE) all the way through to similarity of adverse outcomes. 

The concepts of CA/DA and IA provide quantitative and reliable predictions of 
combined effects from existing information on the activity of individual 
components of complex mixtures, assuming that the mixture components do not 
interact. If the mixture components interact, one is faced with complex and 
dependent action, which may lead to synergy (higher toxicity than expected from 
CA/DA) or antagonism (lower toxicity than expected from IA). 

In this chapter, the major mixture toxicity concepts are introduced and illustrated 
with examples from carefully crafted mixture toxicity studies. These examples help 
us appreciate the importance of considering chemicals not one-by-one but rather by 
looking at their cumulative exposures and combined effect. 

A burning issue of international discussion focuses on mixtures at very low 
concentrations/doses, where individual chemicals are below their observable 
effect level. Current opinions are splièm = 0.07, R?c = 0.207). 
Task and Dominance are interacting significantly such that English-dominant 
speakers had higher values of gaze point index during IT than DT, but Spanish- 
dominant speakers had higher values of gaze point index in DT compared to 
IT. 

In terms of keypresses, the final model was significant (LR = 12.355,df = 
3, p < 0.001), with a significant correlation (R?m = 0.112, R’c = 0.506) due to the 
interaction between Task and Dominance, English-dominant speakers had more 
keypresses in the IT compared to DT, but Spanish-dominant speakers had the 
same keypress values regardless of the direction (see Figure 7.5). 

As per mouse events, the overall model did in fact not do significantly better 
than a null model, but three main effects showed significant results, leading to a 
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The effect of TASK:GENDER on FIXATIONINDEX in the final model 
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Figure 7.2: Task/gender and number of fixations 


The effect of TASK on GAZEEVENTDURATION in the final model 
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Figure 7.3: Task and gaze duration 
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decent correlation: (R?m = 0.281, R?c = 0.615). In Figure 7.6, a significant effect 
for age can be seen (p < 0.01): the older the subject, the lower the number of 
mouse events. 

As shown in Figure 7.7, (in which the point characters d and i represent the 
task (direct vs. inverse) mouse events were also significantly lower for Spanish- 
dominant participants (p < 0.04). 

Mouse movements also were dependent on the task: there were more mouse 
movements during IT compared to DT (p < 0.02) (see Figure 7.8). 

As per saccade index, the final model was significant (LR = 23.229, df = 4, p < 
0.001) with a decent correlation (R?m = 0.218, R?c = 0.6). The main effect for 
age was significant (p < 0.01): the older the translator, the lower is the number 
of saccades (Figure 7.9, in which the point characters d and i represent the task 
(direct vs. inverse)). 

There was also an interaction between Task and Sex/Gender (p < 0.05): fe- 
males had lower values of saccade index during DT than in IT. The opposite 
pattern was found for males, who had slightly higher values of saccade index in 
DT than in IT (Figure 7.10). 
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Figure 7.4: Task/dominance and gaze point index 
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The effect of TASK:DOMINANT on KEYPRESS in the final model 
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Figure 7.5: Task/dominance and keypress events 


The effect of AGE on MOUSEEVENT in the final model 
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Figure 7.6: Age and mouse events 
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The effect of AGE on SACCADEINDEX in the final model 
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Figure 7.9: Age and saccade index 
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Figure 7.10: Task/gender and saccade index 
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10 Discussion 


In this study, we have provided some preliminary insight on the effects of direc- 
tionality. Based on Ferreira et al.’s (2016) analysis that took into account the total 
task length, fixation count, average fixation duration, and gaze time to investigate 
the effects of translation direction, we hypothesized that time is an indicator of 
cognitive effort and IT takes longer than DT. However, linear modeling for TASK 
(DT vs. IT) revealed no significant differences. 

Carl et al. (2016) explained that a “translator’s actions, keypresses, gaze dwell 
times, and mouse events, are manifestations of the translator’s cognitive states 
as the translation is produced.” Assuming that IT is more demanding, translators 
were expected to not only spend longer time in the IT but to also present higher 
mouse index, fixation index, gaze event duration, gaze point index, keypresses, 
and saccade index. With respect to fixation index, we found a correlation but 
the t-test showed no significant differences. Therefore, the variability is proba- 
bly due to translators’ differences as we stated in a footnote above. Results also 
showed that age is correlated to fixation index (the older the subject, the lower 
the fixation index). This could possibly be due to a more risky reading strategy in 
which they are more likely than younger adults to infer the identities of upcom- 
ing works using prior context and only partial word information (Rayner et al. 
2009; Rayner et al. 2013; Wang et al. 2018). 

With respect to sex/gender, our results showed that females had lower values 
of fixation index in IT compared to DT, whereas males presented higher values 
of fixation index during DT than in IT. Shen & Itti (2012) investigated whether 
gender-based differences also existed in visual attention during a related listen- 
ing task and found that men and women orient attention differently during con- 
versational listening. Women more often exhibited “distracted saccades,” look- 
ing at the background scene element, whereas men consistently selected regions 
which expressed more variation in dynamic features. Further analyses will be 
conducted in order to analyze how those differences in DT and IT manifest in 
our cohort. 

As per gaze event duration, results showed that translators presented a higher 
gaze event duration in the IT, which suggests that gaze duration is an indicator of 
higher cognitive effort in the IT. On the other hand, English-dominant translators 
showed a higher gaze point index in IT, whereas Spanish-dominant translators 
presented a higher gaze point index in DT, suggesting that both groups present 
a higher number of gaze points when translating into Spanish. This could be due 
to the Spanish written system which arguably has an orthographic system that 
may be more demanding than that of English. Further analysis on the source text, 
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target text, and internet browser areas of activation could shed some light to this 
hypothesis. 

English-dominant translators presented higher values of keypress in IT, where- 
as Spanish-dominant translators showed the same amount regardless of the direc- 
tion of translation. Again, it is possible that translating into Spanish may be more 
demanding due to its orthography. Spanish-dominant translators are more famil- 
iar with its morphosyntax and translating into Spanish might not be significantly 
more effortful than into English. Similarly for keypress index, Spanish-dominant 
translators showed a lower mouse index in both tasks, whereas mouse index is 
higher in the IT. Results also showed that older participants tended to use the 
mouse less than younger translators. Smith et al.’s (1999) results showed that 
older participants had more difficulty performing mouse tasks in comparison to 
their younger peers. Differences in performance attributable to age were found 
in more complex tasks, and age-related changes in psychomotor abilities were 
related to age differences in performance. Age was also related to saccade index: 
the older the subject, the lower is saccade index. Peltsch et al. (2011) showed that 
saccadic ability decreased with age, providing insight into deficits due to normal 
brain changes in aging. It is likely that this is also the case in our study. 

Our results also complement recent dialogues in the L2 acquisition literature. 
Larsen-Freeman (2018) explains that “in this era of rapid change and turmoil, 
there are both perils and opportunities afforded by globalization” (p. 55). This 
suggests that researchers in the field adopt an ecological perspective to elabo- 
rate complexity guided by the relationship between variables and individual dif- 
ferences. Even in social approaches to language development, cognitive aspects 
cannot be ignored and therefore, the socio-cognitive process would provide a 
contribution to language development. According to Larsen-Freeman, 


Socio-culturalists see social relationships as mediating learners’ cognitive 
development...unlike cognitive approaches, sociocognitive approaches fa- 
vor patterns over rules as the object of learning, and like some of the social 
approaches before them, sociocognitive approaches blur the boundary be- 
tween language use and its acquisition (p. 58). 


Larsen-Freeman (2018) further highlights the relevance of the sociopolitical 
context and the nature of the limitations that shape any particular acquisition 
context. “Language learning does not occur in an ideological vacuum but rather 
is affected in a serious way by prevailing beliefs held by others, including the gen- 
eral public” (p. 59). IT has been misconceived to be an almost impossible task - 
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only being possible in cases of perfect bilingualism, without any solid empiri- 
cal evidence. The fact is that people translate into the non-native language and, 
from what we have experienced since the first empirical studies on directionality, 
there is no evidence that the practice of IT will diminish moving forward simply 
because of beliefs or statements. 

While there are certainly “increasing complexities of language use in a global 
society” (Kibler & Valdes 2016: 110), we should also reflect on how translation 
situates itself in society. In translation studies, for instance, language differences 
should be taken into account when designing studies and interpreting results. 
Defining one’s L1 and L2 is not an easy task: home country language, family 
language, and primary language of use, all of which is a common practice in 
fields such as developmental psychology and L2 acquisition, might have an im- 
pact on how we perceive translator’s performance. In a similar way, we should 
also attempt to analyze less examined variables that could possibly account for 
variances among participants. 


11 Conclusion 


Although previous studies (Ferreira et al. 2016; 2018) suggested that language di- 
rection might have an impact on time spent in DT and IT tasks, the present study 
demonstrates that individual differences between subjects (including ones re- 
lated to language experience), but also across subject groups such as dominance, 
modulate these effects. These individual differences are crucial to examine when 
analyzing translators’ performance and drawing conclusions, and these effects 
require multifactorial mixed-effects modeling of a kind that is not yet widespread 
in translation studies. Our sample is formed by a heterogeneous group in which 
professional translators’ age and experience vary, which might impact our anal- 
yses. However, eye-tracking data showed that variables other than time can be 
used to measure effort in translation. Not only can studying directionality help us 
to better understand patterns in translation, but language typology might also 
illuminate things. Furthermore, age and sex/gender - used here as controlled 
variables — should also be further analyzed to test whether any difference can be 
due to the factors. As this is an ongoing project, more data will be collected to 
create more homogeneous subgroups. 
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This paper presents results from a small pilot study carried out within the EU- 
funded Compass project. With eye tracking, subtitlers’ distribution of attention 
and monitoring during subtitling with the commercial subtitling software FAB Sub- 
titler was investigated and analysed. During three intralingual subtitling tasks for 
excerpts of German documentaries we recorded data on gaze activity of eight subti- 
tlers. An annotation of the created subtitles based on a comparison of the subtitles 
from the recording and the corrected subtitles after post-experiment proofread- 
ing allows us to link product with process data. We found that during subtitling, 
attention is shifted back and forth between monitoring the content of the evolv- 
ing subtitles and the timing and segmentation thereof. Results show that subtitle 
reading times were longer on subtitles that were corrected during post-experiment 
proofreading. In addition, we found a significant interaction with subtitle ID in that 
incorrect subtitles had longer reading times than correct subtitles in the beginning 
of the process but for subtitles created later in the session this difference was no 
longer significant. This suggests that later in a subtitling session participants’ mon- 
itoring capacities are impacted possibly by fatigue or cognitive overload. In this 
paper, we will elaborate on the methodology and procedure and suggest interpre- 
tations and possible implications. 


1 Introduction 


Subtitling as a process, particularly intralingual subtitling for the deaf and hard 
of hearing (SDH), has yet to be researched more in depth with empirical methods. 


Anke Tardel, Silvia Hansen-Schirra, Moritz Schaeffer, Silke Gutermuth, Volker Denkel & Miriam 
Hagmann-Schlatterbeck. 2021. Attention distribution and monitoring during intralingual subti- 

| tling. In Tra&Co Group (ed.), Translation, interpreting, cognition: The way out of the box, 145-162. 
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In times of increasing workloads for subtitlers as well as ever-changing working 
environments, it becomes even more important to better understand the pro- 
cesses involved so we can react and adapt tools and practices accordingly. What 
good is a subtitling tool if it speeds up subtitling but increases cognitive load on 
the subtitler and negatively influences final subtitle quality? 

Established methods from translation process research such as eye tracking 
and keylogging seem promising to be applied to subtitling as well (Orrego-Car- 
mona et al. 2018). These kinds of methods allow us to empirically study subtitlers’ 
behaviour such as where they look, what and how they type, but they also help 
us better understand the process on a cognitive level. Measures such as total and 
average fixation duration as well as fixation count are established measures to 
interpret cognitive load (Buettner 2013). In cases where these measures can be 
linked to poor target text quality, e.g. subtitles that do not comply with given 
standards, they inform us about failure in cognitive control mechanisms such as 
monitoring (Schaeffer et al. 2019). 

In this pilot eye tracking study that was carried out within the scope of the 
EU-funded Compass project, we recorded subtitlers during the production of in- 
tralingual SDH for three excerpts of German documentaries to gain insights on 
how they interact with the subtitling software as well as implications for final 
subtitle quality. 


2 The intralingual subtitling process 


In subtitling for TV and film we differentiate between two main kinds of subti- 
tling: intralingual (language of film audio matches that of the subtitles) and inter- 
lingual subtitling (film language is translated into target languages; Cintas 2003). 
What they both have in common is the translation of dialogue in audiovisual (AV) 
content into written content in a one- to two-line subtitle format. Regarding the 
target audience, we differentiate traditional subtitles from SDH, which are typi- 
cally intralingual and, in addition to the dialogue, include description of sounds 
and speaker identification. Though translation studies have so far mainly focused 
on interlingual subtitles, due to the involved language transfer, we propose that 
intralingual subtitling also presents a form of translation similar to translation in 
easy language (Hansen-Schirra & Maaß 2019). In order to understand subtitling 
processes, it seems promising to first look into intralingual subtitling, as both in- 
tralingual and interlingual subtitling are subject to similar time-space constraints 
and the audiovisual content needs to be transcribed into condensed written sub- 
titles. To our knowledge there are no studies looking into intralingual subtitling 
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with eye tracking. Findings from studying intralingual subtitling and comparing 
them to interlingual subtitling might help in understanding how subtitling tools 
need to be adapted to the two forms of subtitling. 

In this study, we focus on intralingual subtitling as the topic of SDH moves 
more and more into focus, especially after many countries across the world have 
passed accessibility laws (e.g. BGG! in Germany in 2002 or the EU Audiovisual 
Media Services Directive? in 2010) and regulations on the proportion of public 
AV content that needs to be made accessible to all target groups via subtitles, 
sign language or audio description. Through the growing availability of AV con- 
tent online, we see an increasing demand for subtitles. Just like the demand for 
translation surpasses the availability of qualified translators, this problem is no 
different for subtitling. This is why the industry is constantly trying to find ways 
to optimise current processes by introducing assisting technology and tools with 
a wide range of functionalities and features. The question is to what extent these 
are beneficial to the subtitling process. 

Intralingual subtitling is a complex and cognitively demanding task consist- 
ing of several subprocesses; both audio and visual content need to be processed 
and transcribed (spoken to written language). Similar to regular translation tasks, 
there is no one solution on how a translation or in this case subtitle has to look 
like. Even in intralingual subtitling there are several correct subtitle renditions 
of the same utterance possible. These written utterances need to follow certain 
standards and style guides that assure the quality and readability of subtitles 
for particular target groups (deaf and hard of hearing, children, language learn- 
ers, etc.). In addition, subtitles need to be synced to the timing of the audio and 
moving images (shot changes, banners, etc.) as closely as possible (cf. contract 
of illusion, Pedersen 2017), while at the same time bearing in mind that subti- 
tlers are limited by the maximum reading speed of the target audience, as that 
often does not match the speech rate. The reading speed controls the minimum 
and maximum display times of subtitles depending on the number of characters. 
Especially fast-paced dialogue makes it inevitable to condense the written ren- 
ditions to fit the limited one to two lines and maximum number of characters 
per line and subtitle. There is usually not one correct way to subtitle: for exam- 
ple, whether an utterance is rendered in two separate subtitles or one two-line 
subtitle is up to the subtitler. 


!Gesetz zur Gleichstellung von Menschen mit Behinderungen (Behindertengleichstellungsge- 
setz), http://www.gesetze-im-internet.de/bgg/ 
"Directive 2010/13/EU, http://data.europa.eu/eli/dir/2010/13/2018-12-18 
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3 Monitoring in subtitling software 


Based on the complex nature of subtitling described in the section before, sub- 
titling tools feature a variety of functionalities to support the subtitler. These 
functionalities range from a basic subtitle editor and video player to audio-wave 
display, visualisation of the ratio between number of characters and minimal 
reading time to error codes and subtitle overviews. While these features are 
meant to assist subtitlers in their work, they also mean that subtitlers’ attention 
needs to shift away from the audio-visual content and the subtitles themselves. 
Monitoring in the subtitling task therefore goes beyond monitoring what is being 
typed. In addition, subtitlers need to review the subtitles they create and monitor 
whether the solutions they create match the expectations, i.e. style guide. For the 
purpose of this study, we adopt Kitchener’s second level of cognitive processing. 
While the first level refers to the cognitive tasks involved, which in the case of 
subtitling include, e.g., listening, watching, and reading, Kitchener’s second-level 
concept of monitoring as a meta-cognitive activity is defined by “processes which 
are invoked to monitor cognitive progress” (Kitchener 1983: 225). This model of 
monitoring “account[s] for complex monitoring when individuals are faced with 
ill-structured problems” (Kitchener 1983: 222). In the case of our study, errors in 
subtitles, i.e. subtitles that need to be adapted to comply with a given style guide, 
can be regarded as such ill-structured problems triggering monitoring processes 
while working on them. 

Innovative subtitling software attempts to assist subtitlers in solving these ill- 
structured problems to minimise the cognitive load, e.g., in helping the subtitler 
apply subtitling strategies to comply with the style guide. Common features of 
these subtitling tools include a video player and subtitle editor as well as an 
overview of all the subtitles in a file. Usually, in and out times as well as the se- 
quential subtitle ID and subtitle duration are displayed on screen as well. Many 
tools also visualise the audio in waveform to easily navigate in the video and 
support subtitle spotting, i.e. setting the in and out timestamps of subtitles syn- 
chronously to when speakers start or end their dialogue. Commercial tools can 
display an additional “time bar" that indicates the proper subtitle display time per 
number of characters, and error codes are displayed on-screen when a subtitle is 
too long or short, etc. The list of visual features a subtitler is faced with during the 
task of watching the video and reading the subtitle text as it is produced is long. 
Features are used successfully and monitoring can be assumed to have worked 
well when the produced subtitles no longer contain style guide-related errors. If 
this is not the case, the visual features are either not used properly or the distri- 
bution of attention on so many different areas leads to the result that something 
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is overlooked, i.e. monitoring fails. In SDH, there is a thin line between rendering 
and describing everything and risking to lose the target audience and censoring 
or patronising the target audience by condensing information or changing rele- 
vant information. So there is always the possibility that even if the style guide is 
being followed, the target audience might not like it. Identifying indicators for 
when monitoring in subtitling fails can help adapt subtitling tools and develop 
strategies. 

Based on the many aspects subtitlers need to monitor during subtitling, we 
propose the following research questions: 


RQ 1. How is attention distributed on the user interface in the subtitling tool 
during intralingual subtitling? 


RQ 2. How is attention distribution and monitoring of one’s own subtitling re- 
lated to the final subtitle quality? 


4 Data and method 


The study applies two methodologies, keylogging and eye tracking, but in this 
paper only the eye tracking and product data are analysed. We applied these 
methods to the subtitling process, similar to the study done by Orrego-Carmo- 
na et al. (2018), who observed interlingual subtitling processes of students and 
professional subtitlers working with and without transcript. In our study, how- 
ever, we observed the intralingual subtitling process and recorded behavioural 
and product data with these methods. Demographic data and information on par- 
ticipants’ use of subtitling tools were recorded with a follow-up questionnaire. 


4.1 Participants 


The participants (N = 8, all female) in this pilot study were experienced subti- 
tlers (mean = 3.5 years) at a German broadcasting company with German as their 
native language. Four of the participants are regular employees who have been 
working as subtitlers at the company for an average of 5 years (SD = 2.5) and 
most of their work (80%) consists of proofreading subtitle files. The other four 
participants are experienced students with 2.3 years’ (SD = 1.3) professional ex- 
perience in intralingual subtitling. All eight participants are familiar with FAB 
Subtitler Standard as subtitling tool and work with it on a regular basis. Though 
the majority of the work is for productions of German TV broadcasters with their 
own set of subtitling rules, all subtitlers were somewhat familiar with the Netflix 
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timed text style guide (Netflix 2018) as many productions, especially documen- 
taries, are subtitled for Netflix. We chose the Netflix timed text style guide general 
requirements (ibid.) and the supplement for German as it is internationally used 
and provides a rather strict set of rules. 


4.2 Procedure 


Participants were recorded creating German SDH for three video snippets from 
German documentaries using the stand-alone subtitling software FAB Subtitler 
(Standard Edition). The initial aim was to observe subtitlers while using a sub- 
titling tool they were using on a regular basis and to study the distribution of 
attention. For this purpose, we divided the tool into areas of interest (AOI) that 
represent a specific feature or functionality in the tool. Important AOIs include: 


e the subtitle editor (current subtitle, CS) 

e the video player 

e audio track with subtitle in and out indicators overlaid 

e reading speed control bar, i.e. time bar (characters/subtitle duration) 


« subtitle navigation on the right-hand side 


All AOIs were labelled the same in all recordings except for the AOI of the cur- 
rent subtitle (e.g. CS46) which matched the ID of the subtitle that participants 
currently worked on. All numbered CS AOIs were grouped as CS in order to 
compare this AOI to the other AOIs in the overall process. An overview of all 
AOls is given in Figure 8.1. 

The tool was configured for the Netflix timed text style guide and participants 
were able to use the browser for external research and checking the style guide. 
The subtitling brief included the instruction to create German SDH according to 
the style guide. Subtitling was done from scratch, i.e. aside from the style guide 
and web browser participants had no additional reference material, no assistance 
via a script or automatic detection of shot changes. All eight participants subti- 
tled all three videos in a randomised order. Before the first recording, subtitlers 
performed a copying task to record typing speeds. Individual subtitling sessions 
lasted about an hour per video. The videos were controlled for their length (five 
minutes) and topic. They were taken from the German documentary series Ter- 
raX covering topics such as anthropology, archaeology, history and architecture. 
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Previous Subtitle | 
® btitle Q 


Current Subtitle 


Figure 8.1: Screenshot of FAB Subtitler user interface with labelled AOIs 


Participants performed the tasks during their regular working time in their 
regular work environment on a laptop equipped with an eye tracking device. 
Eye movements were recorded with an SMI RED mobile eye tracker (250 Hz) and 
screen recording in SMI Experiment Center. Participants were seated at approx- 
imately 60 cm from the eye tracking device where their eyes were calibrated (5- 
point calibration) before the beginning of each recording session and then every 
15 minutes during the recording to avoid drift. After the third recording, partici- 
pants filled out a questionnaire to collect demographics and data on their usage of 
the tool. Based on feedback from the subtitlers who participated in this study, we 
learned that it is common practice to distribute the subtitling work for an hour- 
long video or episode among three to four subtitlers, each subtitling a section of 
fifteen minutes. Splitting the work between subtitlers is a practice to meet the 
tight deadlines as the time spent on a one-hour video can be reduced and coher- 
ence is ensured in the overall proofreading of all parts by one proofreader. The 
experiment design of three five-minute video excerpts therefore seemed realistic 
enough. On average, intralingual subtitling of a five-minute documentary with- 
out any further assistance by a transcript or automatic detection of shot changes 
takes about an hour. This is already rather long for an eye tracking study and 
had to be accommodated for with repeated calibrations. 

Half a year after the initial recording, the four subtitlers who usually perform 
the proofs were given the subtitle files for blind proofreading. The six-month 
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time-lag was necessary so the subtitlers would not remember having subtitled 
the excerpts before. The proofread subtitle files were then compared to the sub- 
titles created during the experiment and annotated for timing errors, linguistic 
errors and style-guide-related errors. The annotation is based on what proofread- 
ers corrected and the timing configurations regulated by the Netflix style guide. 
There was no process data recorded on the proofreading and it is just one proof- 
reading per target text, i.e. subtitled excerpt. This adds to the ecological validity 
of this study as this is how quality assurance is done in the broadcasting company 
where we recorded the subjects. 

Subtitling quality is another complex and to this point often debated concept 
which will not be further discussed in this paper. We therefore only looked at 
the broad distinction between correct and incorrect subtitles, leaving error types 
and weighting of errors aside for now. Whether a subtitle was correct or incor- 
rect is based on the proofread versions. No edits meant a subtitle was correct, 
whereas changes made to the subtitle indicated an incorrect subtitle. There was 
no particular pattern regarding how errors were distributed within and across 
the three videos. An overview on how errors were distributed can be found in 
Figure 8.2. 


4.3 Measures 


During the subtitling task, both product and process data were recorded for all 
sessions, i.e. three sessions per participant. Regarding the process data, in this 
analysis, we focus on the eye tracking data. The two gaze measures of interest in 
this analysis are average fixation duration on an AOL e.g. the current subtitle and 
total fixation duration which indicates the sum of all fixation durations on an AOI. 
In the case of the subtitle AOI the total fixation duration is the total reading time 
(TRT). Longer average fixation duration are taken to indicate higher cognitive 
effort, i.e. longer processing. 

For the product data, the final subtitle files were analysed and annotated with 
the following parameters: 


ID: the sequential number of a subtitle, used to align process data from the AOIs 
with the product data from the subtitle files. As the subtitling process is 
chronological, lower ID indicates the subtitle appeared earlier in the video 
and was therefore created early in the process (per recording). 


CharCount: the number of characters in a subtitle, irrespective of the number of 
lines in a subtitle. 
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CharDiff: the difference between the maximum number of characters in a sub- 
title and number of characters. The maximum number of characters is de- 
termined by the Netflix style guide configuration set in FAB. 


Timing: if the CharDiff in a subtitle is negative by more than three characters, i.e. 
the subtitle contains more than three characters too many for the set dis- 
play time of the subtitle, the subtitle was annotated with Err, i.e. the timing 
is incorrect. Subtitles with an excessive display time were not penalised. 


Text: subtitles were annotated with Err whenever a subtitle was edited during 
post-experiment proofreading. In this variable, the type of edit was not 
distinguished, and unedited subtitles were annotated with Cor. 


Proof: indicates whether a subtitle is correct (Cor) or contains an error (Err), i.e. 
the subtitle contains an error either in Timing or Text. 


ErrorType: Indicates the nature of the error in Proof. We differentiated between 
errors of Ling (language-related, e.g. grammar, punctuation or terminol- 
ogy), Style (style guide-related, e.g. segmentation, numbers and units, la- 
belling) and Timing. 
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Figure 8.2: Distribution of errors per subtitle ID and video across par- 
ticipants. Errors are divided into the three error classifications Ling, 
Style and Timing. 


The diagram in Figure 8.2 shows how errors were distributed per video and 
subtitle ID. Here, we see that there was no pattern whether errors occurred early 
or later in a session and there was also no pattern for the different error types. 
Video 1, however, seems to contain more errors in total than the other two videos. 
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4.4 Data analysis 


For statistical analysis of the data we used R, version 3.6.0 (R Core Team 2019). 
Linear mixed effects models (LMEs) were fitted with the packages languageR 
(Baayen 2008), Ime4 (Bates et al. 2015), and LmerTest (Kuznetsova et al. 2017) was 
used to calculate significance values. To support the interpretation of the models, 
the effects were visualised in effects plots using the ef fects package (Fox & Hong 
2009). Contrasts within a model were calculated with the package emmeans (Lenth 
et al. 2019). The LMEs were all fitted with one of the process-related measures 
as dependent variable and participant as random variable. Dependent variables 
were not log-transformed. 


5 Results 


5.1 Attention distribution 


As described in Section 2, the task of intralingual subtitling is rather complex 
and involves various subprocesses, such as watching the video (images and shot 
changes) while listening to and understanding the audio (dialogue and sounds) 
and keeping an eye on the timing as well as spatial limitations of the subtitle that 
is created. Modern subtitling software contains a number of features to support 
subtitlers in this complex process, among them a video player, subtitle editor, 
audio track, etc. For a screenshot of the user interface of FAB Subtitler refer to 
Figure 8.1. We assume that, during the subtitling, the subtitlers’ attention is di- 
vided between the various windows and functions onscreen but also the audio. 
Thus, our first research question was: how is attention distributed on the subti- 
tling tool during intralingual subtitling? 


Total Fixation Duration on AOI [min] 
a 


| pat 


T T T T T T T T T T T T T T T T 
AudioTrack CS Video TimeBar NavigationErrorCodes NS CSDur PS Menu CSIn Time CSOut PSOut CSNr NSIn 
AOI 


Figure 8.3: Effect of AOI on total fixation duration (in minutes) 
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Figure 8.3 visualises significant effects of the AOIs audio track and current 
subtitle (CS) on total fixation duration in contrast to all other AOIs in FAB Subti- 
tler. With AOI video as reference, the effects for audio track (f = 8.9, SE = 0.4, 
df = 238, t = 214, p < 0.0001) and CS (B = 8.5, SE = 0.4, df = 238, t = 20.5, 
p < 0.0001) were both highly significant and positive. 

In a next step, we had a look at the average fixation duration on the different 
AOIs. Both longer total reading time (TRT) and longer average fixation duration 
are indicative of increased cognitive effort while average fixation durations are 
in a certain sense an earlier measure than TRT. Here, we found the highest av- 
erage fixation duration for the AOI audio track, the one AOI that did not have a 
significantly lower total fixation duration than AOI CS, which is the subtitling 
area where the current subtitle is being typed and monitored. Adjustments in the 
timing are done by listening to the audio track and at the same time fixating the 
AOls time bar and error codes. 

An effects plot for the second LME is shown in Figure 8.4 with the AOIs or- 
dered for their average fixation duration. Here, we clearly see that CS lies in the 
centre of the plot. If we take AOI CS as reference and look at the contrasts for 
average fixation duration with the other AOIs, we find significant positive effects 
for audio track (f = 382, SE = 40, df = 238, t = 9.6, p < 0.0001) and error codes 
(B = 196, SE = 40, df = 238, t = 4.9, p « 0.0002) and the previous subtitle out 
time (PSOut; B = 330, SE = 64, df = 241, t = 5.2, p « 0.0001), i.e. average fixation 
durations were significantly longer for these AOIs than on CS. Only marginally 


significantly shorter average fixation durations were found on the current subti- 
tle ID (CSNr; B = —177, SE = 54, df = 239, t = —3.3, p < 0.092) and on the next 
subtitle (NS; B = —132, SE = 40, df = 238, t = —3.3, p < 0.079). The AOI next sub- 
title only contains content when the subtitler has already created the proceeding 
subtitle and went back to check the preceding subtitle. This indicates these ar- 
eas might be processed faster than the current subtitle and seem to require less 
attention as also indicated by the first LME in Figure 8.3. 


5.2 Monitoring and cognitive load 


The second part of the analysis was concerned with the product of subtitling in 
relation to the process data. Subtitles underwent post-experiment proofreading 
and were annotated if they contained some kind of error (Linguistic, Style or 
Timing). In this first analysis, we did not differentiate between the nature of the 
error but simply whether a subtitle was correct or incorrect (Err). 

A plot for the first LME is shown in Figure 8.5. Here, we found a significant pos- 
itive effect for the total reading time total fixation duration for subtitles that still 
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Figure 8.4: Effect of AOI on average fixation duration (in milliseconds) 


contained an error at the end of the session, i.e., subtitles that were edited dur- 
ing proofreading. Subtitles which were corrected during proofreading (6 months 
after the experiment) were fixated longer during the subtitling session than sub- 
titles which had not been corrected during proofreading (f = 0.9, SE = 0.28, 
df = 1680, t = 3.3, p < 0.001), indicating that participants worked longer, or 
rather read these subtitles longer, yet failed to produce a correct subtitle. This 
can be seen as an indicator that subtitles that resulted in an error required more 
attention than those subtitles that successfully followed the linguistic rules and 
the subtitle style guide. Character count was included in the model as a control 
variable and had a highly significant effect (6 = 0.13, SE = 0.006, df = 1680, 
t = 20.7, p < 2 x 10716). 


Total Subtitle Fixation Duration 
o 
1 
T 

Total Subtitle Fixation Duration 


Proof CharCount 


Figure 8.5: Effect of proof and character count on the total subtitle fix- 
ation duration (in seconds) 


We tested whether the sequential numbering of subtitles, which roughly corre- 
sponds to the time when the subtitle was produced (ID), would have an effect on 
the reading time. The plot in Figure 8.6 shows the positive effect ofID (numbered 
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subtitles) on the reading time of the respective subtitle. This means that during 
subtitling, participants spent significantly more time reading subtitles they cre- 
ated later in the session (f = 0.014, SE = 0.06, df = 1664, t = 2.6, p < 0.01). 
This also makes sense, as later in the session participants have concentrated and 
processed already quite a few subtitles and it can be assumed that cognitive load 
increases with time (if no break was taken). 


Total Subtitle Fixation Duration 
oO 
| 
T 


0 20 40 60 80 
ID 


Figure 8.6: Effect of ID, ie. whether a subtitle was created early in the 
session or later on Total Subtitle Fixation Duration (in seconds) 


After finding these two effects, we were curious whether the ID and the post- 
experiment annotation for the subtitles containing an error (timing, linguistic or 
style guide-related error) would interact. Indeed, as can be observed in Figure 8.7, 
these two interact significantly (6 = —0.05, SE = 0.01, df = 1661,t = —4 p < 
0.001) in that the reading times for subtitles later in the session did not differ 
significantly for correct and incorrect subtitles. Additional analyses show that 
for subtitles annotated as correct, the effect of ID on the reading time was only 
marginally significant and positive (f = 0.03, SE = 0.01, df = 1662,t = 4, p < 
0.001). For subtitles that contained some kind of error the effect of ID on reading 
time was significant and negative (f = —0.03, SE = 0.01, df = 1661, t = —2, 
p < 0.05). While we do find a significant difference in reading times for correct 
and incorrect subtitles early in the session, this difference disappears around two 
thirds into a session. 

In the next section, results will be interpreted and discussed regarding cogni- 
tive processing and monitoring during subtitling. 
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Total Subtitle Fixation Duration 


ID 


Figure 8.7: Interaction effect of subtitle ID and post-experiment subtitle 
correction (proof) on total subtitle fixation duration (in seconds) 


6 Discussion 


In cognitive load theory, gaze counts and gaze duration are regarded as estab- 
lished measures to quantify mental effort and cognitive load, which are, in turn, 
correlated with working memory capacities (Buettner 2013). The methodological 
foundation for this measurement is corroborated by the eye-mind hypothesis, 
which assumes that information which is fixated with the eyes is immediately 
cognitively processed (Just & Carpenter 1980). Based on this assumption, param- 
eters like length, number or direction of the fixations, as well as reading time 
allow conclusions about cognitive load, on the one hand, but also on monitoring 
processes during translation, on the other (Carl & Dragsted 2012; Schaeffer et al. 
2019). In the following, we will interpret our results against this background. 

Figure 8.6 shows, for instance, that the total fixation duration increases the 
later a subtitle occurs in the whole subtitling session. This can be interpreted as 
an indicator of increasing cognitive load, since the later subtitles require more 
visual attention to be processed compared to the early ones. This result is not 
surprising since it may in turn be interpreted as increased cognitive load as a 
consequence of fatigue. 

As mentioned above, for the purpose of this study, we adopted the concept of 
monitoring by Kitchener (1983) and defined subtitles with errors as ill-structured 
problems that trigger monitoring processes while reading them. Keeping this def- 
inition in mind, Figure 8.6 can be interpreted as an indicator for ongoing moni- 
toring processes that add up during the session. In this special case, the subtitlers’ 
total fixation duration is positively affected by the ID, i.e. later in the session the 
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total fixation durations were longer, when the subtitle they produced still con- 
tained an error (see Figure 8.5). However, this effect is not triggered by correction 
processes as the respective subtitles have not been self-corrected by the subtitlers 
or, if they have, still resulted in an error. More interestingly, the effect seems to 
be triggered while creating the particular subtitle. Therefore, we interpret this 
effect as increased cognitive load due to monitoring. 

Figure 8.7 shows another interesting phenomenon: the monitoring effect just 
described seems to be weakened throughout the reading during subtitling. As 
soon as about two thirds of the subtitles are processed, the total fixation duration 
for correct subtitles is even longer. We interpret this result as follows: monitoring 
of subtitles that did not follow the style guide, hence contained some kind of 
error, can only take place in the first half of the subtitling session when necessary 
cognitive resources are still available. If these resources suffer from fatigue, the 
monitoring processes for incorrect subtitles do not differ from those of correct 
ones, which are in general characterised by shorter total fixation duration. This 
could indicate cognitive overload since incorrect subtitles do not attract as much 
visual attention anymore. 

To sum up, the effects discussed here make monitoring visible although no 
successful revision processes have taken place. This enables us not only to visu- 
alise but also to quantify possibly unconscious monitoring processes as well as 
the break-even point for cognitive overload. 


7 Conclusion and limitations 


As discussed in the section above, with this small-scale pilot study we were able 
to obtain a first idea of when and where monitoring processes in intralingual sub- 
titling might take place and we presented a methodology of how these processes 
can be studied when linked to final target text quality. In this analysis, we looked 
at two measures: total and average fixation duration per subtitle or AOI. We find 
that further into the session , monitoring becomes less efficient and participants 
generally read subtitles longer irrespective of the number of characters they con- 
tain. While earlier in the session subtitlers take longer for subtitles that result 
in an error, this difference is no longer significant towards the end of the ses- 
sion. This suggests that, due to increased cognitive load, subtitlers’ monitoring 
processes become less or not successful at all. 

Still, this study was able to shed light on monitoring processes during subti- 
tling. Ipsen & Dam (2016) also report on errors detected but not corrected. They, 
in contrast, rely on video recordings and interviews, which reveal conscious and 
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explicitly visible processes. In our study, unconscious language control mecha- 
nisms become for the first time visible and measurable. By combining eye track- 
ing with further data from keylogging and retrospective interviews with replay 
we might be able to cover both conscious as well as unconscious processes and 
deliver explanations for unsuccessful revision processes in future studies. 

Based on these findings, the aim of a subtitling tool should be to improve 
monitoring for subtitlers or make these language control mechanisms more ef- 
ficient. In this respect, the usability of the tool has a direct impact on the cogni- 
tive ergonomic conditions during professional translation (Ehrensberger-Dow & 
Massey 2014). Subtitling software, just like computer-aided tools for professional 
translation, are developed to assist the tasks in terms of an ergonomic workflow. 
However, the usability of these tools has so far not been empirically tested. The 
features included in the tools seem necessary and helpful but right now our re- 
sults suggest that this assisting technology has room for improvement, e.g. error 
messages regarding incorrect timing are not easily detected - especially later 
in the process - and errors regarding segmentation or linguistic problems are 
overlooked. The methodology and study design presented in this paper could be 
useful in comparing subtitling software that claims to be more ergonomic (e.g. 
the Compass tool, Hansen-Schirra et al. 2019). 

The results presented here are somewhat limited due to the small sample size 
as well as the nature of the experiment as participants subtitled only short ex- 
cerpts from the documentaries. Subtitling sessions usually take longer than an 
hour, but already finding significant results in these shorter sessions suggests 
that these effects might hold true also for longer sessions. If we consider subti- 
tlers' authentic work spaces and the complex workflows of replaying and stop- 
ping the videos to type and spot the subtitles according to the complex style 
guides, it makes sense to further investigate these processes. The methodology 
applied in the experiment was conducted with rather high ecological validity 
such that the results hold true beyond the lab environment. We hope the success- 
ful application of this methodology and the resulting insights encourage further 
research in this direction with other subtitling tools, languages, style guides or 
practices. 
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Chapter 9 


Eye tracking study of reading for 
translation and English-Russian sight 
translation 


Elena Kokanova, Maya Lyutyanskaya & Anna Cherkasova 
Northern (Arctic) Federal University 


This paper presents the results of an eye tracking study which compares reading 
for translation and English-Russian sight translation. The participants of this study 
included both students and professional interpreters who were asked to read and 
sight translate two texts from their B language (English) into their A language 
(Russian). The study revealed significant differences in oculomotor activity during 
reading and sight translating within a group of students and within a group of 
professionals. This can be explained by the difference in the efficiency of reading 
for translation, translation strategy and general translation skills. 


1 Introduction 


The study of oculomotor activity during the reading process has been abundant 
and focused on various aspects (eye movement characteristics, eye movement 
control, perceptual span, etc.). Eye tracking studies have mostly focused on read- 
ability and processing effort for the given text type and thus on empirical re- 
search in neurophysiology (Jakobsen & Jensen 2008; Schnitzer & Kowler 2006; 
Clifton et al. 2016). Eye tracking has proved to be a powerful tool in scientific 
research and has recently been used in applied linguistics and translation stud- 
ies (Hansen-Schirra & Grucza 2016). It allows identifying the objects of atten- 
tion with high spatial accuracy and temporal precision. Participants try to fixate 
their gaze on highly informative elements but each person can choose a different 
strategy for investigating a stimulus and can change it when presented the same 
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stimulus for the second time. This explains numerous findings in fields such as 
translation memory, reading for translation, distribution of cognitive effort dur- 
ing translation, etc. (Hvelplund 2014). Sight translation is a form of transposing 
a written text in the source language into an oral text in the target language. 
The concept of sight translation is understood differently by researchers. One of 
the disputed issues concerns the status of this form of translation, whether it is 
considered as a separate form of interpreting or as a training exercise for other 
forms of interpreting. Most of the current research supports the idea that the key 
characteristic features of sight translation include the following: 


e time pressure (caused by limited time for text comprehension, minimum 
time for finding the translation decisions, high speed of speaking); 


e strict self-control (as self-corrections are not allowed) (Chmiel & Mazur 
2013; Kokanova 2016; Thawabteh 2015). 


In cognitive terms, sight translation is a complex set of brain operations includ- 
ing processing visual input in one language, creating the oral message in another 
language and control of the translation process at the same time. The actual ap- 
plication of sight translation takes place in a number of professional settings and, 
despite this fact, seems to be rarely taught as a separate form of interpreting. 


2 Research design 


The objective of the present research is to collect and compare statistical data 
on oculomotor activity during reading for translation and English-Russian sight 
translation by a group of students and a group of professional interpreters. The 
hypothesis of the study is that within each group of participants there will be dif- 
ferences between experimental tasks of reading for translation and sight trans- 
lation, which will allow us to see if professional interpreters demonstrate some 
kind of translation strategy affecting the result. 


2.1 Participants 


The study was conducted at Northern (Arctic) Federal University, Arkhangelsk, 
Russia. The first group of participants included eighteen bachelor and master 
students (average age: 21) with one year of sight translation training. The group 
of participants included students with B2/C1 level of the English language. Com- 
mand of English was tested before the experiment (https://cambridgeenglish.org). 
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The second group consisted of ten participants (average age: 35). All of the par- 
ticipants are professional interpreters working in various fields in Arkhangelsk; 
the average work experience is 12 years. All participants denied having suffered 
any brain injuries, neurological conditions, or eyesight pathology and took part 
in the study voluntarily. 


2.2 Procedure and equipment 


Gaze behaviour of the participants was recorded on the basis of saccades and fix- 
ations in the infrared radiation spectrum. For the recording of eye tracking data, 
the system iView XTM RED (SMI, Germany) for non-contact measurement was 
used. The collected data were analyzed using BeGaze software. The frequency of 
the system was 500 Hz; the viewing distance was 55-60 cm from the screen. The 
experiment was conducted in accordance with ethical standards represented in 
the Declaration of Helsinki (DoH) and European Community directives (8/609 
EC). 

The participants were asked to read for two minutes and sight translate two 
texts from their B language (English) into their A language (Russian). Time for 
translation was not limited. The participants’ translations were recorded for fur- 
ther linguistic analysis and the participants were informed about this. 

The texts included abbreviations, position titles, references to historic and cul- 
tural events and phenomena such as direct speech, epithets, and metaphors. The 
dependent variables included measures assumed to indicate cognitive load of lex- 
ical units, such as fixation count and saccade count (Kokanova et al. 2018). 


2.3 Coh-Metrix analysis of the source texts 


Both texts were analyzed by the computer tool Coh-Metrix (Graesser et al. 2004) 
using a number of parameters. The first parameter concerned the overall read- 
ability of the texts, i.e. their difficulty level. The output of the Flesch reading ease 
formula is a number from 0 to 100, with a higher score indicating easier reading. 
Text 1 was assessed as fairly difficult to read in accord with the Flesch reading 
ease formula and was given a score of 51.597. The score for Text 2 was 72.022. 

Syntactically, Text 1 was simpler than Text 2 (syntactic simplicity 73.57% and 
53.98%, respectively). This component reflects how low the number of words are 
and how simple the syntactic structure is, which is less challenging to process. 
At the opposite end of the continuum are texts that contain sentences with more 
words and use complex syntactic structures. 
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Text 1 contained mostly factual information presented by such language units 
as abbreviations, position titles, references to historic and cultural events and 
phenomena. This is confirmed by the concreteness level (92.36%). Texts contain- 
ing content words that are concrete, meaningful, and evoke mental images are 
generally considered to be easier to process and understand. Text 2 was more 
descriptive and contained such elements as metaphors, epithets, abstract words, 
so that the concreteness level was lower (53.98%). Abstract words represent con- 
cepts that are considered difficult to visualize. Texts that contain more abstract 
words are more challenging to understand. 

Text 1 was characterised as having a higher connectivity level (71.23%), the 
component which reflects the degree to which the text contains explicit adversa- 
tive, additive, and comparative connectives to express relations in the text. This 
component reflects the number of logical relations in the text that are explicitly 
conveyed. This score is likely to be related to the reader’s deeper understanding 
of the relations in the text. The connectivity level of Text 2 was very low (14.23%). 


3 Data analysis and results 


The statistical analysis of the parameters under research was carried out using 
SPSS version 22.0. Data processing included a comprehensive analysis of the nor- 
mal distribution, and since a number of parameters did not match the Gaussian 
distribution, the Mann-Whitney U test was used to compare the samples. To de- 
scribe the data, the median (Me) and the first and third quartiles (Q1; Q3) were 
taken. Differences were considered statistically significant when the probabil- 
ity of erroneous acceptance of the null hypothesis of the absence of differences 
between samples was p < 0.05. 

We assessed the eye movement parameters for each group of participants sep- 
arately. Mostly we wanted to see if there were any significant difference between 
reading for translation and sight translation. 

The results for students are presented in Table 9.1. The data revealed no real 
difference in fixation and saccade count between Text 1 reading and translation. 
Total fixation duration was lower during the translation process. Average saccade 
velocity and average saccade amplitude increased while translating whereas fre- 
quency of fixations decreased. 

It was observed for Text 2 that fixation count and saccade count were sub- 
stantially down during the translation task, compared to Text 1. Total fixation 
duration and fixation frequency are also on the decline. Average saccade veloc- 
ity and average saccade amplitude did not show significant changes. 
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Table 9.1: Eye tracking measurements for reading and sight translation 
in the group of students 


Metric Reading Text 1 Translation Text 1 p 


Me Q1 Q3 Me Q1 Q3 
Fixation count 395.0 380.3 419.3 360.0 262.0 506.8 0.141 
Saccade count 399.0 351.5 407.5 383.0 271.5 550.5 0.776 
Total fixation 96.9 93.3 98.6 80.1 66.2 103.0 0.016 
duration, sec. 
Av. saccade velocity, 82.4 724 895 96.9 941 114.8 0.002 
degree/sec 
Fixation frequency 33 3.17 3.5 2.6 2.3 3.3 0.008 
fix/sec 


Av. saccade amplitude, 35 3.25 4.0 42 3.25 4.0 0.005 
degree 


Metric Reading Text 2 Translation Text 2 p 
Me Ql 03 Me Ql 03 

Fixation count 400.5 361.0 416.8 309.0 200.3 391.5 0.014 

Saccade count 381.0 338.0 428.5 289.0 221.0 413.0 0.018 

Total fixation 94.6 89.5 101.9 73.9 49.8 94.8 0.011 

duration, sec 

Av. saccade velocity 88.6 716 981 975 788 110.5 0.064 

degree/sec 

Fixation frequency, 3.4 3.0 3.5 2.9 2.6 3.3 0.002 

fix/sec 

Av. saccade amplitude, 3.8 3.3 4 4.4 3:5 5.0 0.247 

degree 
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The statistical analysis of eye tracking parameters in the group of professionals 
showed some differences between the experimental tasks (Table 9.2). 

Fixation count and saccade count for sight translation task were lower than 
for reading task both in Text 1 and Text 2. However, the saccade count the differ- 
ence between reading and translation tasks was bigger for Text 2. Total fixation 
duration went down during translation task compared to reading for translation. 

The total fixation duration during reading for translation in the group of stu- 
dents were about 80% and in the group of professionals were about 70%. This 
parameter goes down in the translation task for both groups, although in the 
group of professionals this difference is bigger. 

It should be noted that eye tracking data revealed meaningful differences in 
fixation and saccade count between reading and sight translation only in Text 2 
in the group of students. From the noticeable decrease of fixation count (from 
400.5 to 309.0) and saccade count (from 381.0 to 289.0) in Test 2 it can be as- 
sumed that there are some factors making translation of the second text easier 
for students. This may have been an effect of the warming-up period. Also, after 
finishing Text 1 the participants were more adapted to the stressful situation and, 
as both texts have the same subject matter, the general context could become a 
supporting factor. 

As for the group of professional interpreters, fixation count and saccade count 
decreased in the translation tasks for both texts. There were certain stability in 
oculomotor behaviour of professional interpreters when performing experimen- 
tal tasks. As fixations are the period of time when the eyes remain fairly still 
and new information is acquired from the visual array, and saccades search for 
new meaningful areas of fixation (Rayner 2009), supposedly, this shows that pro- 
fessional interpreters demonstrated some strategy in analyzing the context and 
searching for translation equivalents while reading the text. 

This leads to the assumption that professional interpreters do the quicker 
search for key support words in the source text during sight translation. There 
is a clear-cut difference between the translation time of Text 1 and Text 2. In the 
group of students the average translation time for Text 1 was 2 min 12 sec and for 
Text 2 it was 1 min 47 sec. In the group of professionals the average translation 
time for Text 1 was 1 min 39 sec, and for Text 2 it was 1 min 16 sec. 

In the student group the frequency of fixations during translation was lower 
than during the reading task. Translation of Text 1 shows an increase in the av- 
erage saccade amplitude and velocity. Translation of Text 2 indicates a decrease 
in the fixation and saccade count. Supposedly, this shows the quicker search for 
key support words in the source text in a stressful situation like sight translation. 
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Table 9.2: Eye tracking measurements for reading and sight translation 
in the group of professionals 


Metric Reading Text 1 Translation Text 1 p 


Me Q1 Q3 Me Q1 Q3 
Fixation count 397.0 354.5 423.5 267.5 217.8 326.6 0.010 
Saccade count 383.0 352.6 414.3 322.0 203.0 364.3 0.034 
Total fixation 93.8 85.0 97.7 613 41.7 80.1 0.010 
duration, sec 
Av. saccade velocity, 82.7 688 97.8 100.0 816 102.4 0.174 
degree/sec 
Fixation frequency, 3.5 3.3 3.8 2.9 2.6 3.1 0.053 
count/sec 


Av. saccade amplitude, 4.4 4.1 5.3 4.5 4.2 5.1 0.306 
degree 


Metric Reading Text 2 Translation Text 2 p 
Me Ql 03 Me Ql 03 

Fixation count 374.0 355.0 401.6 249.0 154.0 306.6 0.001 

Saccade count 387.5 361.0 439.5 232.5 186.0 321.0 0.001 

Total fixation 83.8 78.7 96.4 57.8 32.7 74.3 0.005 

duration, sec 

Av. saccade velocity, 96.4 864 98.3 114.2 103.7 128.2 0.131 

degree/sec 

Fixation frequency, 3.15 3.0 3.4 2.7 2.3 3.3 0.160 

count/sec 


Av. saccade amplitude, 4.9 3.9 5.9 5.2 4.3 6.7 0.570 
degree 
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4 Conclusion and further research 


The eye tracking data seem to support the hypothesis of the present study as 
professional participants did demonstrate significantly lower fixation and sac- 
cade count between reading and translation tasks. The meaningful difference in 
fixation and saccade counts between reading and translation tasks in the stu- 
dents’ group was observed only in Text 2. The research has shown that English- 
Russian sight translation can cause difficulties for students because of the low 
level of silent reading skills. Oculomotor behaviour of professional interpreters 
is more stable. They seem to reduce their search activity in the form of fixation 
and saccade count during the sight translation task. 

Prospects for further research can include a longitude eye tracking study of 
reading, reading for translation and English-Russian sight translation from be- 
ginners to semi-professionals based on a more thorough selection of texts using 
special computer tools for text parameters analysis and introduction of reading 
for translation training into the interpreting course. The results of further re- 
search can be used to work out recommendation for students on how to use the 
reading time more efficiently, how not to miss key elements in the text, how to 
overcome garden-path sentences and so on. 

An interdisciplinary approach in translation studies can shed more light on 
translation as a decision making process and provide teachers with more tools 
for improving students’ professional skills. 
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Chapter 10 


Emotion and the social embeddedness of 
translation in the workplace 


Hanna Risku? & Barbara Meinx? 


University of Vienna POesterreichische Nationalbank 


This paper examines the emotional aspects of the translation process while taking 
into account the social embeddedness of translators in their working environments. 
It explores how it feels to be a translator, looks at what makes translators thrive or 
despair and examines how they cope emotionally with their work circumstances. 
The empirical setting for this qualitative workplace study is the translation depart- 
ment ofan Austrian public sector institution, where authentic work situations were 
investigated using ethnographic research methods, i.e., participatory observation 
and semi-structured expert interviews. The results indicate that the translators in 
this department experience a wide variety of emotions ranging from satisfaction, 
pride, relief and enjoyment to stress, disappointment and frustration. These are 
inextricably linked with the networks, actors and environments involved in the 
translation processes and occasionally lead to the use of coping strategies. 


1 Introduction 


Translation process research has increasingly begun to emphasise the role of 
affective and attitudinal factors in translation (Laukkanen 1996). Psychological 
aspects like translator personality (Hubscher-Davidson 2009) and ergonomic as- 
pects like translator well-being (Ehrensberger-Dow & Jääskeläinen 2018) are at- 
tracting increasing attention as explanatory factors of translation activities and 
processes. At the same time, the role of emotions in translation has become a 
legitimate object in translation process research. 

This paper focuses on how it feels to be a translator, what makes translators 
thrive or despair and how they deal emotionally with their work circumstances. 


Hanna Risku & Barbara Meinx. 2021. Emotion and the social embeddedness 
of translation in the workplace. In Tra&Co Group (ed.), Translation, inter- 

Ml preting, cognition: The way out of the box, 173-188. Berlin: Language Science 
Press. 
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Accordingly, it examines both the emotional aspects of the translation process 
and the social embeddedness of translators in their real working environments, 
concentrating thereby on three research questions: (1) Which emotions do trans- 
lators experience during a translation process? (2) Which factors trigger emo- 
tions in translators and how do these relate to the social setting in which they 
work? (3) Do translators apply strategies to deal with emotions? 

Before describing and discussing our research results, we will first provide an 
outline of prior empirical research on emotional aspects of translation as well as 
a brief discussion of the topic of emotions from the psychological, cognitive and 
situated perspectives. 


2 Emotions as an object of translation process research 


Emotion variables have already been mentioned in various studies of the transla- 
tion process (e.g., Kußmaul 1991; Tirkkonen-Condit E Laukkanen 1996; Jääskeläi- 
nen 1996; Davou 2007; Rojo & Ramos 2014; 2016; Hubscher-Davidson 2009; 2013; 
Lehr 2014). They have been described as an area of relevance to translation pro- 
cess research in which a number of aspects have yet to be explored. 

Kußmaul (1991) provides a detailed description of the influence of positive emo- 
tions on the translation process. In a 1991 study examining the processes involved 
in the development of creative solutions to translation problems, he asked two 
translators to work as a team to translate a text from English into German and 
to explain and discuss their methods with each other while they worked. The 
resulting dialogue protocols led Kußmaul to conclude that the creative solutions 
which emerge during the translation process are linked to situations in which 
the translators experience positive emotions. This finding is reiterated in a 2007 
study by Davou. 

Rojo & Ramos (2014) show that negative emotions can have adverse effects on 
the translation process. They used a reaction time experiment to examine the in- 
fluence of words and expressions which contradict the translator’s own ideolog- 
ical stance. The results corroborate their assumption that words and expressions 
that are incompatible with a translator’s ideology have an adverse effect on the 
decision process and lead to more time being required to find an adequate trans- 
lation solution. By contrast, words and expressions that are compatible with the 
translator’s ideology facilitate the decision process, allowing a suitable transla- 
tion to be found more quickly. 

Lehr’s (2014) results indicate that the emotions triggered in translators through 
feedback on completed translations influence subsequent translation processes 
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in different ways depending on their valence (positive or negative). Feedback 
that prompts positive emotions enhances idiomatic expression and stylistic ap- 
propriateness in subsequent translations, while feedback that prompts negative 
emotions enhances coherence and correctness of terminology. 

Rojo & Ramos repeated Lehr’s study in 2016 and reached similar conclusions. 
In addition to replicating her methodology, they used Block & Kremen’s ego- 
resiliency scale to explore the influence of personality traits on the translation 
process. Their results show that positive and negative emotions triggered by 
feedback on performance lead to different processing styles, increasing either 
creativity or accuracy in translation. They also suggest that personality traits 
play a role - albeit not a statistically significant one - in guiding translational 
behaviour. 


3 Emotions from the psychological, cognitive and situated 
perspectives 


From a psychological perspective, emotional and affective phenomena are po- 
sitioned on a spectrum ranging from acute, physiological changes (e.g. intense 
fear) through to more stable personality traits (e.g. irritability; Davou 2007: 40). 
According to Ekkekakis (2012: 322), emotions “are elicited by something, are reac- 
tions to something, and are generally about something”. Conversely, core affects 
(such as pleasure, tiredness or tension) are consciously accessible states that are 
experienced on an ongoing basis, albeit with varying levels of intensity. Unlike 
emotions, they do not relate to specific situations (including people, events or 
things, whether past, present, future, real or imagined). Similarly, it is not always 
easy to identify the causes and stimuli of moods, which differ from emotions in 
that they typically last longer and tend to be diffuse and global rather than spe- 
cific (ibid.). 

Along with the recent reorientation in cognitive science towards a more situ- 
ated, embodied and distributed understanding, emotions have entered the field 
as central elements of cognition. It is now increasingly acknowledged that emo- 
tion and cognition are indeed inseparable. Emotions play a critical role in all - 
also high-level - cognition and decision-making (Damasio 1994; 1999): they drive 
cognition, make it meaningful and steer our attention and motivations. From this 
point of view, emotions are allocated a primary role in cognition, and it is emo- 
tion that “enslaves” the brain and moves the body. Nevertheless, emotions have 
not undergone such a revolutionary redefinition as cognitive phenomena in cog- 
nitive translation studies. 
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Embodied cognition approaches underline the notion that cognition consists 
of or is enacted through interaction with social and physical environments. Ac- 
cording to Stephan et al. (2014: 67), this also applies to emotions, since neither 
our modes of thinking nor the way we feel occur in isolation. This calls for an 
approach which takes into account that cognitive and emotional processes are 
“possibly (1) linked to our physical state (i.e. are 'embodied"), and (2) dependent 
on our environment (i.e. are embedded’), and thus might therefore (3) go beyond 
the limits of our body (i.e. be 'extended"), and (4) only develop in the interaction 
with our environment (i.e. be ‘enacted’)” (Wilutzky et al. 2011: 285; translated by 
the authors). 

Griffiths & Scarantino (2009: 438) support such an approach and demonstrate 
that the adoption of a situated perspective goes hand in hand with a reorientation 
in research into emotions: 


By shifting theoretical focus from the intrapsychic to the interpersonal, 
from the unbidden to the strategic, from the short-lived to the long-lived, 
from the context-independent to the context-dependent, from the static to 
the dynamic, the situated perspective points the attention of the research 
community to aspects of emotions that have been unduly neglected and 
that may hold the key to understanding the nature and function of a large 
class of emotions. (Griffiths & Scarantino 2009: 448f) 


They thus reject the cognitivist understanding of emotions as merely evaluative 
judgments of internal cognitive representations. This definition might not make 
sense if cognition or intelligence is not about internally representing the envi- 
ronment and manipulating these representations but rather about (inter)acting 
in the environment. They also maintain that the situated view of emotions iden- 
tifies them as "acts of relationship reconfiguration" in a social context and as 
“forms of skillful engagement with the world [...] scaffolded by [...] and dynami- 
cally coupled to an environment" (Griffiths & Scarantino 2009: 438). 

This "transactional" and situated view of emotions as temporal processes of 
continuous exchange with the (social and material) environment thus constitutes 
an "affective parallel" to the situated view of cognition (Griffiths & Scarantino 
2009: 438). Situated approaches therefore view emotions as material and social 
interactions that are best studied from a process and network perspective. 


4 Research design and case study setting 


This is precisely the perspective adopted for our study, which aims to illustrate 
the relevance of the social environment and processes for the emotions trig- 
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gered in translators at the workplace. To achieve this, we examined authentic 
translation processes using qualitative ethnographic methods (participatory ob- 
servation and semi-structured expert interviews). While participatory observa- 
tion in the translation workplace provides insights into the emotional content of 
translation processes and translators’ interactions with their environment, semi- 
structured interviews serve to reconstruct the translation processes in their en- 
tirety from the (emotional) perspective of the translators. The empirical setting 
for our case study is the translation department (working languages: German 
and English) of an Austrian public sector institution, where we conducted obser- 
vation sessions and seven interviews over a period of 17 working days. Five of 
the seven interviews were conducted with the department’s inhouse translators 
(T1-T5), one with a retired colleague (T6) who now works for the department on 
a freelance basis and one with the head of the department. 

Participatory observation is a standard field research method in which the 
researchers do not passively observe the object of study but instead actively par- 
ticipate in the situation in which it is embedded. The researchers thus interact di- 
rectly with those being studied and collect data by participating in their everyday 
situation (Mayring 2002: 80). In our participatory observation of the aforemen- 
tioned translation department, our prerogative was therefore to be open to all 
manner of different aspects and to take copious field notes that recorded these 
as precisely as possible. Since this faced us with the problem that not all phe- 
nomena in a situation can always be noted down immediately, we expanded our 
field notes during breaks in and directly after the individual observation periods. 
Moreover, to enable the researchers to reconstruct the broader context and expe- 
rience behind the observed actions, participatory observation — as was the case 
in our study - frequently relies on questions being posed during the observation 
sessions (Mayring 2002: 82; Flick 2002: 295). 

Expert interviews are generally conducted as so-called guided interviews. Ac- 
cordingly, they are based on a list of open questions (the interview guideline) that 
is prepared in advance; they are also defined by the specific choice and status of 
the interviewees (the experts) (Glaser & Laudel 2009: 111; Helfferich 2014: 559). 
When preparing the guideline, researchers are recommended to keep it as open 
as possible and as structured as necessary (Helfferich 2014: 566), an approach we 
likewise adopted when preparing the interview guideline for our own interviews. 
Our interview guideline (see Appendix A) thus incorporated open requests to talk 
about the spectrum of activities involved in the translators’ own work and any 
frequently occurring processes therein. It also included questions on the social 
network and any artefacts (tools) required to fulfil the translators’ tasks. Finally, 
the topic of emotions experienced during translation processes was explicitly 
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raised. We thereby chose not to use predefined lists of emotions - a common 
approach in such interviews (Scherer 2005: 712) - since we wanted our experts 
to talk freely and in their own words about emotional events. We also felt that 
their work setting could trigger complex emotions that would not necessarily 
fit into predefined emotion categories. Furthermore, since some of our questions 
were already covered in the topics raised by the interviewees, we did not always 
need to ask all the questions in our guideline or keep to the predefined order of 
questions. In fact, we felt it was more important to give the interviewees space 
to say what they wanted to say and address the topics that were important to 
them - regardless of the order in which they were raised. 

Both the audio recordings of the interviews and the field notes taken during 
the observations were then transcribed using an adapted version of the conven- 
tions described in Selting et al. (2011). This was followed by a software-assisted 
(MAXQDA) qualitative analysis of the interview and observation protocols in 
line with the qualitative content analysis method proposed by Glaser & Laudel 
(2009). This method helps to extract the relevant information, i.e., it separates 
it from the original empirical material by applying a set of categories that can 
be developed deductively from prior theory, inductively by a data-driven proce- 
dure, or — as in our case - using a combination of both these strategies (Gläser 
& Laudel 2013: 21f). 

To extract the relevant information from our data, we used six very general 
deductive categories derived from the dynamic network model of translatorial cog- 
nition and action by Risku et al. (2013), namely “cognition”, “action”, “social net- 
work”, “artefacts”, “environments” and “time”. Within these categories, we con- 
structed a number of emotional subcategories that emerged inductively from the 
data we had gathered and ranged from enjoyment and satisfaction to frustration 
and disappointment (see Table 10.1). These emotions were either clearly defined 
as such by the translators or inferred from the statements recorded in the inter- 
views as well as the comments, actions, gestures and facial expressions noted 
during the observation sessions. In doing so, we used the aforementioned situ- 
ated view of emotions as the relational and interactive qualities of what is said 
and done as a basis for identifying emotions. We then checked the extracted and 
categorised raw data segments for redundancies and contradictions and sorted 
them by aspects relevant to our analysis. This structured information base was 
then used to analyse and interpret the relevant data in line with our research 
questions (Glaser & Laudel 2009: 202f). 
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Table 10.1: Emotions related to the nodes in the social network 


Nodes Emotions 


Enjoyment 
Translation team Ownership 
Satisfaction 


Anger 

Aversion 

Caution/wariness 
Source text authors (= clients) Enjoyment 

Impotence 

Reluctance 

Stress 


Dissatisfaction 

Frustration 
Management Impotence 

Interest 

Pride 


Enjoyment 


External translators : 
Relief 


(Non-existent) readers Disappointment 


5 Research results 


The results obtained from our interviews and observations indicate that the trans- 
lators working in this public sector institution are members of a complex social 
network. As Figure 10.1 shows, the translation department (indicated in dark 
blue) is part of a larger department (light blue), which, in turn, is part of the 
institution-wide social network (grey). 

As voiced in the interviews and noted in the observations, the translators expe- 
rience a multitude of different emotions in relation to their social embeddedness 
in this network. These range from satisfaction, pride, relief and enjoyment to in- 
terest, caution and ownership (the feeling of having to stand up for themselves 
and take sides). They also include disappointment, aversion or reluctance as well 
as stress, a sense of impotence and even frustration and anger. 
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Educational 
institution Freelancers 


Abroad 


CP: Cooperation partner WG: Working group 
LD: Language department A: Author 


Figure 10.1: The translation department’s social network 


The emotions detected in our analysis relate to the following nodes in the so- 
cial network: the translation team, source text authors (as clients of the transla- 
tion department), management, external translators and readers (see Table 10.1). 
Since discussing all the emotions detected would exceed the scope of this paper, 
we have restricted ourselves to one or two examples for each node. 


5.1 Translation team: Satisfaction 


The translators appear to be largely satisfied with the underlying structures in 
their team. For example, they hold an annual meeting to decide who will assume 
responsibility for which publications in the coming year and thus for the corre- 
sponding proofreading, translation and administrative tasks (Interview T3). 

A regular meeting is also held every two weeks to enable the translators to 
keep each other updated. When talking about this meeting, T6 notes: “We were 
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a bit sceptical and worried at the beginning because it’s very structured, yet now 
we really wouldn’t want to be without it. It’s a very important way for us to share 
information” (Interview T6). 

T1 points out that inconsistencies in the past had necessitated this sharing of 
tasks, and that they had developed this approach themselves in a professional 
supervision project. She also explains that the department had begun expand- 
ing rapidly around two years after she joined and that “there had to be some 
reallocation of responsibilities and rotations etc. so that everyone was satisfied 
with the way the work was shared. [...] [The supervision project] clearly helped 
us a lot because all our structures are still based on what we agreed back then” 
(Interview T1). 


5.2 Source text authors: Stress 


Resources within the translation department are extremely limited. The team had 
previously consisted of six translators and had been able to handle its workload 
relatively easily, even at peak times. It has since been reduced to 4.5 full-time 
equivalents, which according to T5 “is okay but not always easy, especially when 
someone's away, e.g. ill, on a business trip or on holiday. [...] We sometimes have 
ridiculous amounts of holiday left over that never get used. It’s just really busy” 
(Interview T5). 

This heavy workload could also be clearly observed, especially when the trans- 
lators had to meet very tight deadlines. Yet they appear to take it in their stride: 
“Why do [the clients] have to get so stressed out about it, like it’s the first time 
we've ever had something come in at the last minute?" (Observation T2). 
Nonetheless, the translators’ reactions to such tight deadlines do differ. Accord- 
ing to T4, some of them take a “we'll manage it somehow” attitude, while others 
say: “They must be joking. If [the client] needs a long text like that [...] we'll 
need more time” (Interview T4). 

Despite the differences of opinion regarding manageable workload, the trans- 
lators do their best to handle such (large) texts within the team. “We split texts 
up: I do a couple of pages, [T5] does a couple of pages, and someone else does 
the quality assurance” (Interview T3). The department also asks its clients to let 
them know in advance about large texts so it can plan ahead and assign tasks 
accordingly (Interview T3). “But sometimes you do have to tell the client if it’s 
not possible and try to educate them” (Interview T5). 
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5.3 Management: Frustration and impotence 


T6, whose position was not filled after she retired, laments the staff cutbacks 
in the department: “Savings start lower down the ladder. [...] The [authors] are 
sacred, and [the translation department] is a support function. So it’s an easy 
place to start cutting costs whilst still profiting from the fact that [the translation 
department] raises the quality of the work” (Interview T6). 

T5 expresses frustration at the lack of appreciation for the department that 
is encountered in the organisation as a whole. Some managers do not even see 
the need for a translation department “because everyone can speak English any- 
way, and we can just do it ourselves” (Interview T5). This frustration is shared 
by T1 and T4, who explain that the department's work is frequently taken for 
granted and that it only receives any attention if something has not gone well 
(Interview T4). “It’s the typical service problem. If you get any feedback at all, 
then only when someone isn't happy with something” (Interview T1). 

The translators also feel powerless in the face of economic or policy decisions 
made within the organisation such as the recent decision that authors should 
draft their texts in English and the translators should simply proofread them - 
a decision which has since been implemented for the majority of publications. 
“We often don’t understand the cost-cutting policy. [...] And then they think it’s 
a really good idea that - because we've got one less person - we should outsource 
texts or just not translate them” (Interview T2). 

Yet T2 has also given great thought to how she can be actively involved in 
this changing work environment, provide added value and continue to enjoy 
her work. She now supports authors in drafting texts in English by organising 
writing courses and compiling style guides and lists of useful phrases (Observa- 
tion T2). 


5.4 External translators: Relief and enjoyment 


The members of the translation department express relief in the fact that they 
can draw on a relatively large pool of good external translators and proofread- 
ers with whom they have worked for many years (Interview T1). These include 
two of their own former colleagues, whose familiarity with the organisation and 
internal know-how make them highly valuable resources (Observation T4). 
Further assistance is obtained through cross-institutional collaboration with 
other translation departments. In exchange programmes lasting several weeks, 
colleagues from other institutions have the opportunity to “join” the translation 
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department and work alongside the inhouse translators. According to T2, hav- 
ing an additional translator support them for a couple of weeks is very helpful 
(Observation T2). 

T3 enjoys the reciprocal nature of this programme, which has already given 
her the opportunity to work on another organisation’s annual report on four 
occasions. She describes this as “a great way to work” and a chance to “learn 
so much” (Interview T3). She is likewise pleased that her initial concerns about 
joining the organisation have proved unfounded: 


When I accepted this job, I had the horrifying vision that I'd be sitting in 
front of a computer all day long with no contact to other people. [...] I'm so 
glad that this nightmarish thought does not reflect reality. We actually have 
a lot of contact with the authors, the people in our own team or translators 
in other institutions. (Interview T3) 


5.5 Readers: Disappointment 


The emotion of disappointment refers here to the feeling that you experience 
when you realise that something is not what you hoped it would be. Perhaps 
due to her quality awareness for proofreading and translation, T5 often has the 
feeling that she is to some extent working for “nothing” (Interview T5). While 
the translation department puts great effort into delivering texts that are useful 
and readily understandable for the target reader, she notes that: 


[...] with some types of publication, you think from the outset that no one 
will ever read this. That often makes it difficult from the sense perspective, 
so you sometimes just have to concentrate more on your pay slip and think, 
“okay, I’ve finished that now, it’s part of my work, I get paid for it, and it 
pays the bills”. I find that quite hard because I love creating a beautiful text 
but when you know full well that it will probably only be read by about 
three people, you find yourself wondering whether it’s a meaningful use of 
your time. But it’s always a very mixed bag. (Interview T5) 


On rare occasions, T4 also finds herself wondering whether she couldn’t have 
chosen a more meaningful job (Interview T4). “But that usually passes again”, she 
adds, “then a nice piece of work comes along, and you think, ‘oh yes, people will 
want to read this’ or that you have made a meaningful contribution to something” 
(Interview T4). 
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6 Discussion 


While the qualitative study described in this article assigns high priority to the 
ecological validity of its design, it is also a case study based on a small number 
of participants, and its findings cannot thus be generalised. Nonetheless, since 
articles on the topic of emotions are still thin on the ground in translation studies, 
and few empirical studies as yet address the social embeddedness of emotions in 
the translation workplace, we felt that a qualitative approach was best suited 
to obtaining an initial insight into the situative, emotional processes related to 
social aspects in the translation process. 

As can be seen from the examples presented in Section 5, the translators in our 
study experience a wide range of emotions in relation to their social network in 
the course of translation processes. While the emotions triggered by working in 
their own team and with external translators are largely positive, those relating 
to the institution-wide social network are somewhat mixed. 

Our study also provides examples of how translators apply strategies to deal 
with emotions. In this regard, emotions can be seen as elements of strategies 
to meaningfully interact with the environment and reconfigure relationships. A 
review of the negatively valenced emotions triggered by the social network indi- 
cates that these did not result in acquiescence but rather in the translators becom- 
ing proactive and seeking solutions to problems. Strategies to manage stressful 
situations within the team have likewise proved effective despite the differences 
of opinion regarding manageable workload. Strategies have also emerged to deal 
with developments beyond the translators’ control, i.e., the growing importance 
of English as a lingua franca and the corresponding increase in proofreading and 
editing tasks due to the switch to mostly English-language publications in the 
organisation. 


7 Conclusions 


From an emotional embeddedness perspective, our results provide examples of 
how the emotions experienced by translators can be studied as “enacted in the 
interaction with [their] environment” (Wilutzky et al. 2011: 285) and as “forms 
of skillful engagement with the world [...] scaffolded by [...] and dynamically 
coupled to an environment” (Griffiths & Scarantino 2009: 438). 

Our study also indicates that qualitative ethnographic methods like participa- 
tory observation and semi-structured expert interviews can be included in the 
methodological toolkit of translation scholars studying the emotional aspects of 
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translation, alongside other tools like focus groups, translators’ own narrations 
in diaries or “fictive love and break-up letters” (Ruokonen & Koskinen 2017) and 
controlled experiments using, for example, verbal reports or psychophysiological 
measures. Specifically, workplace research using participatory observation and 
semi-structured expert interviews provides a way to take account of the transla- 
tors’ social environments and processes. Accordingly, it could be used in future 
studies to explore how emotions are triggered in translators embedded in differ- 
ent social contexts, thus helping to fill the gaps in our knowledge when it comes 
to translation and emotions, especially in the situated context. 


Appendix A Interview guideline 


Initial topics 
career history, length of time in translation department, responsibilities 
A.1 Processes 
* Ask about the interviewee's own tasks: How would you describe the work 


you do? (e.g. translation, reviewing, copyediting, etc.) — What things have 
you had to do in the course of your work/as part of your job? 


e Ratio: What do you do the most? What do you do less often? 
e How would you describe a normal working day for you? 


* Process: Describe how you complete a project from start to finish. 


A.2 Contacts and relationships 
e Who are you in regular contact with (contact persons, clients, etc.)? 


e Can you describe what happens when you are contacted by or contact a 
client? What can cause friction? 


A.3 Artefacts 
e What do you need to do your work? What are your most important tools? 


e What could you not work without? 
« How important are the tools that you use? 


e Software: Which software tools do you consider to be very/less useful? 
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A.4 Emotions 
How do you feel at work? What do you like a lot? What do you like less? 
— Describe your emotions in various work steps/tasks. 


Which tasks do you like doing more than others? 


If you could change something, what would it be? 


Are there tools/software programmes that support you well and/or make 
your work easier? Are there any that make your work more difficult? 
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IV Pädagogisch Tätige 


Der mediale Habitus als Ermöglichungsraum 
und Begrenzung medienpädagogischer 
Professionalisierung 
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tus; Lehrende in der Erwachsenenbildung 


Zusammenfassung 


Durch die fortschreitende Digitalisierung stellen sich Anforderungen an alle Bil- 
dungsbereiche - so auch an die Erwachsenenbildung. Den Lehrenden in der Erwach- 
senenbildung kommt die wichtige Aufgabe zu, ihre Lehre zeitgemäß mit (digitalen) 
Medien zu gestalten und die Teilnehmenden im Prozess des Lebenslangen Lernens 
so zu unterstützen, dass diese mit den digitalen Entwicklungen Schritt halten kön- 
nen. Studien haben ergeben, dass manche Lehrende eine große medienpädagogische 
Handlungskompetenz aufweisen und andere nicht. Die Studienergebnisse zeigen au- 
ßerdem, dass dies mit den Einstellungen gegenüber digitalen Medien und dem me- 
dialen Habitus der Lehrenden zusammenhängen könnte. Der Beitrag geht der Frage 
nach, welchen Einfluss der mediale Habitus auf die individuelle, medienpädagogi- 
sche Professionalisierung von Lehrenden in der Erwachsenenbildung hat. Hierzu 
werden Ergebnisse einer qualitativen Interviewstudie vorgestellt. 


Abstract 


Progressive digitization places demands on all areas of education - including adult 
education. Teachers in adult education have the important task of using (digital) 
media to design their teaching in a contemporary way and to support participants in 
the process of lifelong learning so that they can keep pace with digital developments. 
Some teachers have a high level of competence in media education and others do not. 
Studies have shown that some teachers have great media pedagogical competence and 
others do not. The study results also show that this could be related to the attitudes 
towards digital media and the media habitus of the teachers. The article examines the 
question of what influence the media habitus has on the individual, media-pedagogi- 
cal professionalization of teachers in adult education. Results of a qualitative interview 
study are presented. 
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1 Einleitung 


Die heutigen Lebens- und Arbeitsbedingungen sind im Zuge der Digitalisierung im- 
mer stärker durch digitale Medien geprägt. Diese Veränderungen bringen einen im- 
mer schnelleren Wandel mit, der die Erfordernisse Lebenslangen Lernens bestärkt. 
Wie der Bildungsbericht 2020 (vgl. Autorengruppe Bildungsberichterstattung, 2020) 
darlegt, stellt die fortschreitende Digitalisierung Anforderungen an alle Bildungsbe- 
reiche - so auch an die Erwachsenenbildung. Den Lehrenden in der Erwachsenenbil- 
dung kommt die wichtige Aufgabe zu, ihre Lehre zeitgemäß mit (digitalen) Medien zu 
gestalten und die Teilnehmenden im Prozess des Lebenslangen Lernens so zu unter- 
stützen, dass diese mit den digitalen Entwicklungen Schritt halten können (vgl. Rohs, 
2020a). Die Lehrenden sind wichtige Schlüsselfiguren in der Vor- und Nachbereitung 
sowie in der Durchführung der Lehre (vgl. Strauch etal., 2019). Nur mit ihnen kann 
die Erwachsenenbildung den Herausforderungen, die die Mediatisierung und Digita- 
lisierung mitbringen, gerecht werden. Um diesen Herausforderungen zu begegnen, 
stehen Lehrende in der Erwachsenenbildung breiten medienpädagogischen Hand- 
lungsanforderungen gegenüber. Wie eine Studie zur medienpädagogischen Kompe- 
tenz Lehrender in der Erwachsenenbildung zeigt, sind nicht alle Lehrenden gleicher- 
maßen auf diese Aufgaben vorbereitet (vgl. Rohs etal., 2019). Es gibt Lehrende, die 
eine Breite medienpädagogische Handlungskompetenz mitbringen und solche, die 
große Defizite in diesem Bereich aufweisen (vgl. ebd.). Es bleibt die Frage offen, wieso 
manche Lehrende eine große medienpädagogische Handlungskompetenz entwickeln 
und andere nicht. Die Ergebnisse lassen vermuten, dass dies mit den Einstellungen 
gegenüber digitalen Medien und dem medialen Habitus der Lehrenden zusammen- 
hängen könnte (vgl. Rohs & Bolten, 2020; Rohs etal., 2020). Der vorliegende Beitrag 
geht der Frage nach, welchen Einfluss der mediale Habitus auf die individuelle, me- 
dienpädagogische Professionalisierung von Lehrenden in der Erwachsenenbildung 
hat. Hierzu werden Ergebnisse einer qualitativen Interviewstudie vorgestellt (vgl. Bol- 
ten-Bühler, 2021). Im Fokus steht die Frage, wie sich die medialen Habitus der Leh- 
renden im Feld der Erwachsenenbildung zeigen und wie Entscheidungen, sich me- 
dienpädagogisch zu professionalisieren, davon bedingt werden. 


2 Der mediale Habitus als Analysekategorie für 
medienpädagogisches Handeln in der 
Erwachsenenbildung 


In einer Welt, die durch digitale Medien geprägt ist, benötigen die Menschen Medien- 
kompetenzen, um in allen Lebensbereichen partizipieren zu können (u.a. Alexander 
etal., 2016; Wolf & Koppel, 2017; Rohs 2020a). Nur so kann gegen eine medienbe- 
dingte Spaltung (digital divide) vorgegangen bzw. einer weiteren Spaltung vorgebeugt 
werden (vgl. Initiative D21, 2019; Rohs, 2020b). Eine Aufgabe der Erwachsenenbil- 
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dung sollte es von daher sein, Angebote so zu gestalten, dass ihre Teilnehmenden 
diese Kompetenzen ausbauen können. Lehrende in der Erwachsenenbildung stehen 
damit der Aufgabe gegenüber, entsprechende Aus- und Fortbildungsformate zu ent- 
wickeln und durchzuführen (vgl. Rohs, 2020b). Aufseiten der Lehrenden sind ent- 
sprechende medienpädagogische Kompetenzen erforderlich. Wie eine Erhebung zu 
medienpädagogischen Kompetenzen gezeigt hat, sind die Lehrenden in der Erwach- 
senenbildung nicht durchgehend auf diese Aufgaben vorbereitet (vgl. Rohs etal., 
2019; Schmidt-Hertha etal., 2020). Die Ergebnisse aus dem Projekt MEKWEP weisen 
daraufhin, dass die medienpädagogischen Kompetenzen bei den Lehrenden sehr un- 
terschiedlich verteilt sind. Im Zuge der Studie wurden Teiluntersuchungen zu me- 
dienbezogenen Einstellungen und Werthaltungen von Lehrenden durchgeführt. Die 
Ergebnisse zeigen, dass diese Einstellungen und Werthaltungen einen Einfluss auf 
das Medienhandeln der Lehrenden im Lehr-/Lernkontext haben (vgl. Rohs & Bolten, 
2020; Rohs etal., 2020). Jörissen (2013) spricht davon, dass ein „medienkulturelles 
Umdenken der Lehrenden“ (ebd., S.20) erforderlich ist. Um dieses Umdenken auch 
mit entsprechenden medienpädagogischen Professionalisierungsangeboten zu unter- 
stützen, stellt sich die Frage, von welchen Punkten aus dieses Umdenken angestoßen 
werden kann (vgl. Bolten-Bühler, 2021). Im hier vorgestellten Forschungsvorhaben 
geht es um den Zusammenhang zwischen dem medialen Habitus Lehrender in der 
Erwachsenenbildung und ihrer medienpädagogischen Professionalisierung. Leh- 
rende in der Erwachsenenbildung professionalisieren sich in der Regel individuell 
und bringen zum größten Teil kein pädagogisches Studium mit (vgl. Autorengruppe 
Bildungsberichterstattung, 2020, S. 279; Martin et al., 2017, S. 114). Individuelle Profes- 
sionalisierung ist von den Entscheidungen geprägt, die der:die Lehrende individuell 
trifft. So kann es sein, dass Lehrende sich aus einem eigenen Interesse heraus me- 
dienpädagogisch professionalisieren oder auch, weil das Feld, in dem sie tätig sind, 
dies erfordert. Wie die Lehrenden auf diese externen Anforderungen reagieren, ist 
aber ebenso individuell geprägt, da in der Erwachsenenbildung nicht von einem ge- 
teilten beruflichen Habitus gesprochen werden kann (vgl. Bremer et al., 2020). Es 
zeigt sich, dass Lehrende in ihrem Handeln in Habitusstrukturen verhaftet bleiben, 
die sie in früheren Sozialisationserfahrungen entwickelt haben (ebd.). Folgend soll 
beleuchtet werden, ob dies auch für medienbezogenes, berufliches Handeln und den 
medialen Habitus als Teil des Gesamthabitus gilt. 

Der Habitus nach dem Habituskonzept von Pierre Bourdieu (u.a. 1981, 1983, 
1987) wird häufig als Analysekategorie in sozialwissenschaftlichen Betrachtungen so- 
zialer Ungleichheiten herangezogen - so auch in pädagogischen Kontexten. Der Ha- 
bitus wird von jeder Akteurin bzw. jedem Akteur in einem Wechselspiel zwischen 
Umwelt und Individuum erworben. So werden die gesellschaftlichen Gegebenheiten 
in den Individuen reproduziert und die Individuen selbst reproduzieren durch ihr 
Handeln wiederum die Gesellschaft: 


„Das Konzept des Habitus will den herkömmlichen Dualismus von Individuum und Ge- 
sellschaft überwinden, der Habitus enthält eine doppelte soziale Realität. Der sozialisierte 
Körper ist eine gesellschaftliche Existenzform, d.h. Individuum und Gesellschaft werden 
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nicht als Gegensatz gesehen, sondern als eine gewordene Realität.“ (Schlüter & Faulstich- 
Wieland, 2009, S. 213, Hervorhebungen durch die Autorinnen) 


Der mediale Habitus ist ein Teil des Gesamthabitus. Er bedingt das Medienhandeln 
der jeweiligen Habitusinhaberin bzw. des jeweiligen Habitusinhabers und äußert sich 
zudem im medienbezogenen Geschmack der- bzw. desjenigen. Im deutschsprachi- 
gen Raum wurde der mediale Habitus als Analysekategorie durch Kommer (2010) 
und Biermann (2009) geprägt (vgl. Kommer & Biermann, 2012). Die beiden unter- 
suchten den medialen Habitus im Kontext der Lehrer:innenbildung. Sie umschreiben 
den medialen Habitus wie folgt: 


„Unter medialem Habitus verstehen wir ein System von dauerhaften medienbezogenen 
Dispositionen, die als Erzeugungs- und Ordnungsgrundlagen für mediale Praktiken und 
auf Medien und den Medienumgang bezogene Vorstellungen und Zuschreibungen fun- 
gieren und die im Verlauf der von der Verortung im sozialen Raum und der strukturellen 
Koppelung an die mediale und soziale Umwelt geprägten Ontogenese erworben werden. 
Der mediale Habitus bezeichnet damit auch eine charakteristische Konfiguration inkor- 
porierter, strukturierter und zugleich strukturierender Klassifikationsschemata, die für 
ihre Träger in der Regel nicht reflexiv werden.“ (Kommer & Biermann, 2012, S. 90) 


Auch in anderen Studien im Kontext der Lehrer:innenbildung sowie im Zusammen- 
hang von Medienhandeln in der Schule oder der frühkindlichen Bildung wurde der 
mediale Habitus als Analysekategorie eingesetzt (vgl. Friedrichs-Liesenkötter, 2016; 
Henrichwark, 2009; Mutsch, 2012; Swertz etal., 2014). Bei Forschungsprojekten im 
Bereich der Schulforschung hat sich gezeigt, dass der mediale Habitus der Lehrer:in- 
nen und der Schüler:innen nicht immer zusammenpasst und es zu einem „clash of 
habitus“ (Kommer, 2010, S.96) kommen kann. Aufgrund der unterschiedlichen Habi- 
tus von Lehrer:innen und Schüler:innen können soziale Ungleichheiten so reprodu- 
ziert werden (vgl. Mutsch, 2012, S. 30) . Wenn Medienhandeln und medienerzieheri- 
sche Maßnahmen der Lehrer:innen auf mediale Habitus bei Schüler:innen treffen, 
die dieses Handeln nicht annehmen können, dann können im Bildungsprozess auf- 
grund von Abgrenzungs(-Distinktion) und Verharrungstendenzen (Hysteresis) Wi- 
derstände auftreten. 

Auch Lehrende in der Erwachsenenbildung bringen ihren individuellen media- 
len Habitus mit, wenn sie im Feld der Erwachsenenbildung tätig werden. Abbildung 1 
zeigt, wie sich der mediale Habitus, der sich in seinen Grundzügen im Prozess der 
Primärsozialisation im Elternhaus bildet, im Zuge weiterer Sozialisationsprozesse 
weiter herausbildet. So wirken im Kindes- und Jugendalter neben dem Elternhaus 
auch die Schule und die Peers auf den medialen Habitus der Habitusinhaberin bzw. 
des Habitusinhabers. Der mediale Habitus zeigt sich in allen klassifizierbaren media- 
len Praktiken und Werken (Erzeugungsschemata) sowie in medienbezogenen Wahr- 
nehmungs- und Bewertungsschemata wie dem medienbezogenen Geschmack der 
Akteure (vgl. Bolten-Bühler, 2021). 
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Milieu/Lebensbedingungen 
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Abbildung 1: Bedingungsgefüge medienbezogener Professionalisierung in der Erwachsenenbildung (Quelle: 
Bolten-Bühler, 2021, S. 95) 
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Der Habitus ist im Erwachsenenalter nicht fertig ausgebildet, sondern kann lebens- 
langen Veränderungen und Anpassungen ausgesetzt sein (vgl. Rosenberg, 2011). 
Auch wenn der Habitus in seinen Grundstrukturen in der Kindheit der Inhaberin 
bzw. des Inhabers verhaftet bleibt, ist er dennoch kein unveränderbares System: 


„Der Habitus ist nicht das Schicksal, als das er manchmal hingestellt wurde. Als ein Pro- 
dukt der Geschichte ist er ein offenes Dispositionssystem, das ständig mit neuen Erfah- 
rungen konfrontiert und damit unentwegt von ihnen beeinflußt wird. Er ist dauerhaft, 
aber nicht unveränderlich.“ (Bourdieu & Wacquant, 1996, S. 167 f.) 


Dies kann auch für den medialen Habitus als Teil des Gesamthabitus angenommen 
werden. 

Im Prozess der beruflichen Sozialisation als Teil der Tertiärsozialisation treten 
die Lehrenden mit ihrem jeweiligen medialen Habitus in das Feld der Erwachsenen- 
bildung ein. Die hervorgebrachte mediale Praxis, im Falle der Lehrenden die medien- 
pädagogische Praxis, entsteht in einem Zusammenspiel des medialen Habitus, der vor- 
handenen medienbezogenen Kapitalien und dem Feld, in dem die Praxis hervorgebracht 
wird. Bourdieu (vgl. 1987, S.175) umschreibt dies mit folgender Formel: [H x K] + F 
= Praxis 

Für die Betrachtung der medienpädagogischen Praxis und Professionalisierung 
der Lehrenden bedeutet dies, dass man den medialen Habitus immer auch in Zusam- 
menhang mit dem Feld, in dem dieser zum Ausdruck kommt, betrachten muss. Dem 
liegt die Annahme zugrunde, dass der mediale Habitus zum einen Medienhandeln 
der Lehrenden ermöglicht und begrenzt, zum anderen stellt aber auch das Feld Anfor- 
derungen oder Grenzen für mediales Handeln dar. Die Auswirkungen des medialen 
Habitus auf medienpädagogische Professionalisierung wurde untersucht, da die 
Trägheit des Habitus und die damit verbundene Hysteresis die Gefahr birgt, dass Leh- 
rende, die sich aufgrund ihrer medialen Habitus nicht für digitale Medien im Lehr-/ 
Lernkontext interessieren, den Anschluss an digitale Prozesse in der Erwachsenenbil- 
dung verlieren können. 


3 _ Methodisches Vorgehen 


In einer qualitativen Interviewstudie im Rahmen eines Dissertationsprojektes wur- 
den zehn Lehrende mit episodischen Interviews (vgl. Flick, 2011a) zu ihren Medien- 
biografien sowie ihrem Mediennutzungsverhalten privat und beruflich befragt. Die 
interviewten Lehrenden sind alle in einer Weiterbildungsinstitution tätig und hatten 
an dieser Institution die Möglichkeit, an einer kostenlosen medienpädagogischen 
Fortbildung teilzunehmen, die im Rahmen des institutsinternen Weiterbildungspro- 
gramms angeboten wurde. Fünf der Lehrenden haben an dieser Fortbildung teilge- 
nommen, die andere Hälfte hat sich gegen eine Teilnahme entschieden. Die Inter- 
views wurden mit der dokumentarischen Methode ausgewertet (vgl. Bohnsack, 2000). 
Für die Auswertung wurde der mediale Habitus als Analysekategorie ausgearbeitet. 
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Hierzu dienten vor allem die Vorarbeiten von Bourdieu zum Gesamthabitus (vgl. u.a. 
1987) sowie die empirischen Herangehensweisen an die Analyse des medialen Habi- 
tus von Kommer und Biermann (Biermann, 2009; Kommer, 2010; Kommer & Bier- 
mann, 2012), Henrichwark (2009) sowie Mutsch (2012) als Zugang zur Struktur der 
Auswertung. Ergänzend wurden die analytischen Elementarkategorien zur Habitus- 
hermeneutik nach Bremer und Lange-Vester (vgl. Bremer & Lange-Vester, 2014, S.70) 
hinzugezogen. Auch wenn die Interviews nicht mit einem hermeneutischen Vorge- 
hen analysiert wurden, so konnten diese dennoch als Kategorien genutzt werden, um 
die Grenzen der analysierten Habitus zu umschreiben. Ergänzend zu den Interviews 
wurden die Lehrenden gebeten, Medienpfade zu erstellen. Diese Medienpfade stellen 
einen kreativen Zugang zu atheoretischen Wissenselementen dar und dienten zusätz- 
lich als Mittel der Reflexion (vgl. Engelhardt, 2018, S.476). Der Begriff der Medien- 
pfade orientiert sich am Konzept der „personengebundenen Enwicklungspfade“ nach 
Nittel und Seltrecht (Nittel & Seltrecht, 2008, S. 141) im Kontext der individuellen Pro- 
fessionalisierung. Die Lehrenden wurden hierbei gebeten, ihre eigene Mediennut- 
zung von früher Kindheit bis heute grafisch darzustellen. Die Form war ihnen hierbei 
freigestellt. In Anlehnung an die Auswertung von Collagen wurden die Medienpfade 
mit einer Segmentanalyse ausgewertet (vgl. Umbach, 2016, S.96). Die Segmentana- 
lyse wurde um den Schritt der Bildung von positiven und negativen Horizonten im 
Sinne der dokumentarischen Methode ergänzt, um die beiden Methoden in der Aus- 
wertung zusammenführen zu können. Durch diese Methodentriangulation wurden 
die Fälle mit verschiedenen methodisch Zugängen beleuchtet (vgl. Flick, 2011b, S. 12). 
So konnten neben dem reflexiv zugänglichen Wissen der Lehrenden über das gespro- 
chene Wort auch atheoretische Wissensstrukturen durch die bildliche Form der Dar- 
stellung in der Auswertung berücksichtigt werden. Im Folgenden werden beispielhaft 
drei ausgewählte Fälle und anschließend zusammenfassende Ergebnisse der Erhe- 
bung dargelegt. 


4 Über Ambivalenz, Hedonismus und die Rolle der 
10.000 Bücher 


Die Ergebnisse der Interviews zeigen, dass nicht von einem geteilten medialen Habi- 
tus unter Lehrenden in der Erwachsenenbildung gesprochen werden kann. Dies be- 
stätigt Erhebungen zum beruflichen Habitus in diesem Feld (vgl. Bremer etal., 2020; 
Gieseke, 1989). Die Lehrenden bringen alle sehr unterschiedliche mediale Habitus- 
strukturen mit, die vor allem durch frühere Sozialisationsphasen geprägt sind. Fol- 
gend sollen exemplarisch drei Fälle vorgestellt werden. 


41 Fall C: Funktional-hedonistischer Medienumgang 

C ist Mitte fünfzig und lehrt im Bereich der Betriebswirtschaftslehre. In seiner Lehre 
nutzt er ein sehr breites Repertoire an analogen und digitalen Medien. Für den Ein- 
satz digitaler Medien in der Lehre hat er sich seine eigene digitale Infrastruktur erstellt 
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indem er die Inhalte, die er benötigt, in einer Cloud speichert und diese über einen 
Streaming-Media-Adapter an jedem Beamer oder Smartboard nutzen kann. Diese 
Unabhängigkeit von der Infrastruktur in den Räumen, in denen er lehrt, ist ihm sehr 
wichtig. Medien schreibt er einen sehr großen Stellenwert im Zuge seiner Lehre zu: 


„C: Es ist die Stütze, auf der steh ich, ja. Ich sag mal, die Medien sorgen ja dafür, dass ich 
weiß, was ich tue. Und ohne diese Medien könnte ich das ja gar nicht tun, weil ich muss ja 
auch vieles lernen. Ich lerne jeden Tag dazu.“ (InterviewC_610-613) 


Auch für seinen eigenen Lernprozess setzt C auf den Einsatz digitaler Medien. Hier- 
bei schätzt er vor allem die Ortsunabhängigkeit. Dies spiegelt sich auch in seiner me- 
dienpädagogischen Professionalisierung wider. Bei C kann von einer primär infor- 
mellen Auseinandersetzung mit medienbezogenen Inhalten gesprochen werden. Er 
interessiert sich sehr für digitale Entwicklungen und recherchiert die Inhalte, die er 
für sich und seine Lehre benötigt. Hierbei nutzt er vor allem die Suchmaschine 
Google: 


„C: Wir können uns streiten, ist Google ein Medium, dann würde ich sagen äh, ohne 
Google geht’s nicht. [...] Google ist mein Medium.“ (InterviewC_407-408) 


Der Fall C zeichnet sich besonders dadurch aus, dass seine Kindheit durch das Musi- 
zieren geprägt war. Er hat früh eine Instrumentalausbildung in klassischer Musik be- 
gonnen und über Musikproduktion einen Zugang zu Computern gefunden. Dieser 
Bezug spiegelt sich auch heute in seiner Mediennutzung. Er hat ein eigenes Tonstu- 
dio, in dem er privat Musik produziert. Auch im Bereich der Musikproduktion hat er 
sich den Umgang mit den digitalen Medien selbst angeeignet. Brüche in seiner Bio- 
grafie (eine Scheidung und der berufliche Wechsel in die Erwachsenenbildung) hat- 
ten zur Folge, dass er sein Leben heutzutage sehr flexibel gestaltet und auch in seiner 
Mediennutzung sich selbst keine Grenzen setzt: 


„C: Von daher gibt es auch von der Mediennutzung her kein, wie soll ich sagen, ‚Ah, nur 
das‘. Ich kann Sonntagmorgens stundenlang YouTube gucken. Stundenlang. Und auch 
immer andere Themen. Mal, wie in Russland Flugzeuge auf der Straße landen, mal wie 
Meerschweinchen durch den Wald laufen. Also es gibt da auch nicht wirklich, ich lass 
mich dann auch auch leiten. [...] Es gibt keine Regeln.“ (InterviewC_365-375) 


C setzt digitale und analoge Medien überall da ein, wo sie Sinn oder Spaß machen. 
Sein medialer Habitus kann als funktional und hedonistisch umschrieben werden. 
Besonders in der medienpädagogischen Auseinandersetzung zeigen sich die funktio- 
nalen Anteile, da er all die Inhalte schnell und effizient verstehen und lernen möchte, 
die für seine Lehre nutzbar sind und einen Mehrwert bieten. Für ihn funktioniert dies 
am effektivsten über die Aneignung der Inhalte aufinformellen Wegen. 
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4.2 Fall H: Der gutbürgerliche Leser mit stark abgrenzenden Tendenzen 

H ist ebenfalls Mitte 50 und lehrt im Bereich Volkswirtschaftslehre. Er kommt aus 
einer aufstiegsorientierten Primärfamilie und hat diese Aufstiegsorientierung in sei- 
nen Gesamthabitus übernommen, die sich auch in seinem medialen Habitus spie- 
gelt. Bei H sind Bücher seit frühester Kindheit das prägendste Medium. Seine Mutter 
hat ihm sehr viel vorgelesen, was ihr sehr wichtig war, und ihn auch früh an das 
selbstständige Lesen herangeführt. 


„H: Gut, meine Mutter hat mir immer vorgelesen. Scheinbar war ihr das wichtig, mir vor- 
zulesen, das berichtet sie mir heute noch, dass das ein ganz epochaler Schritt war. Wahr- 
scheinlich aber auch für sie. Das fällt mir bei vielen Müttern auf, dass das Vorlesen auch 
für die schön ist, also nicht nur für die Opfer, die lieben Kleinen.“ (InterviewH_854-859) 


Heute besitzen er und seine Ehefrau eine Büchersammlung von 10.000 Büchern. 
Diese Bücher spielen eine wichtige Rolle. Sie dienen als Abgrenzungssymbol gegen- 
über allen, die nicht lesen. Lesen wird bei H mit Bildung und Wissen assoziiert, die 
ihm sehr wichtig sind. Die Bücher nehmen damit eine Distinktionsfunktion ein. Ein 
weiteres Medium mit Distinktionsfunktion ist ein Feature Phone/Tastenhandy, das er 
nutzt. Die Nutzung eines Smartphones kommt für ihn nicht infrage. Sein Geschmack 
orientiert sich am hochkulturellen Geschmack und dem ‚guten‘ Buch. Digitale Me- 
dien nutzt er rein funktional als Arbeitsgeräte. Auffallend ist aber, dass er digitale Me- 
dien nur in der Vorbereitung der Lehre einsetzt. In der Lehre selbst setzt er auf klas- 
sischen Frontalunterricht und hat auch nicht vor, daran etwas zu ändern. Bei H kann 
nicht von einer medienpädagogischen Professionalisierung gesprochen werden. Sein 
ästhetisch-funktionaler medialer Habitus spiegelt sich hier: Medien dürfen funktional 
eingesetzt werden, müssen aber dennoch seinem ästhetischen und bildungsorientier- 
ten Anspruch genügen. Hierbei sind im Rahmen der Lehre klassische analoge Me- 
dien wie Zeitungsartikel, Lehrbücher und er als Lehrperson die Mittel der Wahl. Die 
Zeitungsartikel können durchaus ausgedruckt aus einem digitalen Zugang zur Zeit- 
schrift über die Bibliothek gewonnen werden. Darüber hinaus erstellt er auch eigene 
Lernmaterialien: 


„H: Gut, was ich über die Zeit gelernt habe: Bücherempfehlungen sind ganz schlecht. Ich 
mach jetzt immer Lernstoffverdichtung. Also, ich fasse Sachen zusammen auf zwei, drei, 
vier Seiten, ja das geht dann ziemlich.“ (InterviewH_444-447) 


Es zeigt sich eine Skepsis gegenüber Lernmaterialen wie Videos, die ihn als Lehren- 
den überflüssig machen könnten: 


„H: Ich glaube ganz einfach, der Lehrende wird zukünftig einfach wegfallen, weil man das 
ja doch wahrscheinlich über Videos und sonstiges machen will oder nennen wir es mal 
personalisierte Software. Aber das werden sich die wenigsten Institute leisten können, das 
wird das Problem sein.“ (InterviewH_818-822) 
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Hier wird ebenfalls deutlich, dass er digitale Medien, aus verschiedenen Gründen, 
nicht in der Lehre einsetzen möchte. Den Zugang zu Computern fand H nicht aus 
einer eigenen Motivation heraus, sondern im Zuge seines Studiums, da er den Com- 
puter damals für statistische Auswertungsprogramme nutzen und Hausarbeiten an 
diesem schreiben musste. Den funktionalen Wert digitaler Medien erkennt H durch- 
aus. Dennoch ist ihm der Bildungswert der analogen Medien so wichtig und die ästhe- 
tische Seite seines medialen Habitus so stark ausgeprägt, dass er in der Präsenzlehre 
an klassischen Methoden festhält und auch keine Notwendigkeit sieht, sich medien- 
pädagogisch zu professionalisieren oder seinen Lehrstil den digitalen Entwicklungen 
anzupassen. 


43 Fall L: Hedonistische Spielerin mit ambivalenter Mediennutzung 

L ist Mitte vierzig und lehrt im Bereich Fremdsprachen. Ihre Kindheit ist durch ein 
stabiles Elternhaus mit einer sehr guten medialen Ausstattung geprägt. Schon früh 
stand ihr ein eigenes breites Medienensemble zur Verfügung. Eine eigene Musik- 
anlage, ein eigener Fernseher und ein eigener Videorekorder standen in ihrem Kin- 
derzimmer. Das Buch wurde als Bildungsgut besonders durch ihre Mutter gefördert. 
Dies spiegelt sich heute in Ls beruflicher Mediennutzung wider: 


„L: Ähm, aber ich finde Bücher, doch, haben einen hohen Bildungswert. Ähm, weil sie, ja, 
ich kann das gar nicht beschreiben, aber die sind halt, die sind halt da, man hat dieses 
Haptische, dass man, das ist nicht einfach so im Internet ähm ist immer nur, Konsum, 
Konsum, Konsum, und das ist immer gleich wieder weg. Und ähm ein Buch das hat sowas 
Beständiges und das man dann auch ins Regal stellen kann, wo man sich dann auch dran 
erinnern und wo und wo man dann auch im Idealfall weiß: ‚In diesem Buch, da stand 
doch, da war doch irgendwas.‘ Das zieht man aus dem Regal, da kann man nochmal nach- 
gucken, also das finde ich schon. Und ich arbeite auch im Unterricht immer noch mit 
Kursbüchern und auch tatsächlich gerne mit Kursbüchern. Also das würde ich schon sa- 
gen, die haben einen hohen Bildungswert.“ (InterviewL_686-697) 


Eine besondere Rolle spielten Brettspiele in der Primärfamilie. Jeden Nachmittag ha- 
ben L und ihre Eltern zusammen gespielt. Medien wurden in der Familie vor allem 
zur Entspannung genutzt und wurden dafür auch wertgeschätzt. In diesen Erfahrun- 
gen begründet sich Ls hedonistischer, spielerischer Habitus. In ihrer Freizeit nutzt sie 
ein breites Ensemble an Medien, dass auch digitale Medien umfasst. So spielt und 
spielte sie gerne Videospiele an Computer oder Tablet und ist ein großer Fan von Fil- 
men. Sie hat eine große DVD-Sammlung und viele Bücher zu Hause. Diese Medien 
sind ihre „Trophäen“: 


„L: Ich find das auch heute noch schön, ich bin auch kein Fan von, von E-Books, ich 
möchte, ich möchte das in der Hand halten. [...] Und auch, wenn das ein bisschen zerfled- 
dert ist, das ist mir völlig egal. Und ich verschenk die auch nicht oder ich verkauf die auch 
nicht, ich behalte die. [...] weiß nicht, das sind, das sind meine Trophäen quasi. Genau, wie 
die Filme alle, das sind, das hab ich mal geleistet quasi, das hab ich gelesen, das habe ich 
konsumiert und das bleibt auch.“ (InterviewL_378-390) 
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Der Einsatz digitaler Medien in der Lehre wird möglichst vermieden: 


„L: [...] ich hoffe, tatsächlich, dass es, dass es immer ähm möglich sein wird ohne die 
neuen, digitalen Medien ähm einen schönen interessanten Unterricht ähm gestalten zu 
können. [...] Und dass sie [Anmerkung RBB: die Teilnehmenden] immer sich freuen so 
old fashioned classes zu haben.“ (InterviewL_1168-1175) 


L ist es durchaus bewusst, dass der Einsatz digitaler Medien in der Lehre zeitgemäß 
ist und sie sich diesen bei Bedarf und Wunsch der Teilnehmenden öffnen muss. Ihre 
Mediennutzung kann als ambivalent umschrieben werden, da sie zur Entspannung 
und zum Spaß sowohl analoge und digitale Medien einsetzt, gleichzeitig digitale Me- 
dien meidet und sich besonders von der Nutzung von Smartphones abgrenzt: 


„L: Und ich hab die Befürchtung, dass ich jetzt, seit ich jetzt den Luxus auch habe, dass ich 
vielleicht ähm ja, mein Gehirn weniger benutze und vielleicht auch leichter Sachen ver- 
gesse, weil man ist dann nicht mehr so trainiert.“ (InterviewL_471-474) 


Auch wenn sie selbst mittlerweile ein Smartphone benutzt, sieht sie diese Nutzung 
kritisch und bewertet sie auch bei den Teilnehmenden eher negativ, da diese immer 
alles sofort nachgucken würden und nicht mehr selbst dächten und versuchten sich 
zu erinnern. List es wichtig, dass sich ihre Teilnehmenden in ihrem Unterricht wohl- 
fühlen. Auch wenn sie sich aktuell nicht mit medienpädagogischen Inhalten aus- 
einandersetzt, kann vermutet werden, dass sie dies tun würde, wenn sie vonseiten der 
Teilnehmenden den Bedarf des Einsatzes digitaler Medien verspüren würde. 


5 Der mediale Habitus als System von Grenzen für 
medienpädagogische Professionalisierung 


Im Zuge der Studie hat sich gezeigt, dass es einen Zusammenhang zwischen media- 
len Habitus und medienpädagogischer Professionalisierung gibt. Es konnten Fakto- 
ren identifiziert werden, die den Medieneinsatz und die medienpädagogische Aus- 
einandersetzung fördern bzw. hemmen. Wie die Ergebnisse zum Gesamthabitus und 
beruflichen Habitus in der Erwachsenenbildung zeigen, dass dort eher nicht von 
einem geteilten beruflichen Habitus gesprochen werden kann (vgl. Gieseke, 1989; 
Bremer etal. 2020), so kann auch nicht von einem medialen Habitus als Teil eines 
geteilten beruflichen Habitus gesprochen werden. Der mediale Habitus bleibt stark 
geprägt durch vorherige Sozialisationserfahrungen, welche somit auch die Entschei- 
dungen medienpädagogischer Professionalisierung bedingen. Es zeigt sich, dass eine 
offene Einstellung digitalen sowie analogen Medien gegenüber und stark ausgeprägte 
funktionale Anteile des medialen Habitus es den Lehrenden ermöglichen, einen indi- 
viduellen Zugang zu medienpädagogischer Professionalisierung zu finden. Hingegen 
wurde erkenntlich, dass ambivalente Tendenzen des medialen Habitus sowie starke 
Ablehnung einzelner Medien oder von Medieninhalten die Professionalisierung be- 
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hindern. Besonders auffallend ist, dass eine allgemeine Offenheit im Umgang mit 
neuen Herausforderungen, die sich im Gesamthabitus manifestiert, durch biografi- 
sche Brüche bedingt sein kann. Diese Offenheit kann eine Auswirkung auf den me- 
dialen Habitus als Teil des Gesamthabitus haben. An dieser Stelle wäre es spannend, 
weiterführende Interviews zu führen, um diesen Aspekt der biografischen Brüche in 
Hinblick aufden medialen Habitus zu untersuchen. 

In allen untersuchten Fällen zeigt sich, dass der mediale Habitus einen Einfluss 
auf die medienpädagogische Professionalisierung hat. In den meisten Fällen ist diese 
Professionalisierung eher ein Reagieren auf Anforderungen, die sich durch gesell- 
schaftliche Veränderungen und Auswirkungen auf die Erwachsenenbildung zeigen, 
als ein geplanter Prozess. Wenn eine Auseinandersetzung mit digitalen Medien me- 
dienpädagogisch stattfindet, dann geht dies von den Lehrenden selbst aus. Dies deckt 
sich mit den Ergebnissen des Monitors digitale Bildung, der berichtet, dass sich Leh- 
rende weitgehend selbstverantwortlich medienpädagogisches Wissen und Können 
aneignen (vgl. Schmid et al., 2018, S. 36). Dies zeigt sich in der Interviewstudie ebenso, 
und die Lehrenden, die sich aufgrund ihrer medialen Habitus für digitale Medien 
interessieren, setzen sich proaktiv mit den gesellschaftlichen Anforderungen der Di- 
gitalisierung und Mediatisierung auseinander und setzen dieses meist informell er- 
worbene Wissen auch im Lehr-/Lernkontext ein. Sie warten nicht darauf, dass diese 
Anforderungen aus dem Feld der Erwachsenenbildung selbst kommen. Gleichzeitig 
zeigt sich aber auch, dass Lehrende, die sich nicht mit digitalen Medien auseinander- 
setzen wollen, dies umgehen können. Sie finden Wege, trotz der geänderten Anforde- 
rungen in der Erwachsenenbildung medienpädagogische Professionalisierung und 
den Einsatz digitaler Medien zu umgehen. Wie und ob sich die vermeidenden Lehren- 
den im Zuge der Corona-Krise mit medienpädagogischen Inhalten auseinanderge- 
setzt haben, muss an dieser Stelle unbeantwortet bleiben, da die Interviews alle vor 
dem Beginn des durch die Pandemie bedingten Lockdowns, der auch Auswirkungen 
auf die Erwachsenenbildung hatte, geführt wurden. 


6 _ Medienbezogene Reflektion als Zugangsmöglichkeit zu 
medienpädagogischer Professionalisierung 


Bei manchen Lehrenden begrenzt der mediale Habitus die individuelle Professio- 
nalisierung stark oder verhindert diese ganz, während andere Lehrende durch ihre 
offenen, medialen Habitus mehr Möglichkeiten für medienpädagogische Professio- 
nalisierung sehen und nutzen. Digitale Medien stellen eine Erweiterung des Möglich- 
keitsraums dar (vgl. Meder 2008). Auch in Bildungskontexten werden mit digitalen 
Medien so neue Möglichkeiten erschlossen. Der mediale Habits stellt die Grenzen für 
die Nutzung dieser Möglichkeiten dar. Da die digitalen Möglichkeiten nur innerhalb 
der Grenzen des medialen Habitus nutzbar sind, kann auch von einem durch den 
medialen Habitus bedingten Ermöglichungsraum gesprochen werden (vgl. Bolten- 
Bühler, 2021). 
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Die Ergebnisse zeigen, dass, obwohl alle interviewten Lehrenden die Möglichkeit 
hatten, an einer medienpädagogischen Fortbildung ohne finanziellen Mehraufwand 
teilzunehmen, dies nur die Lehrenden getan haben, die ein Interesse an digitalen Me- 
dien haben, und sich dies in ihrem medialen Habitus vor allem durch funktionale 
Anteile und eine offene Einstellung Medien gegenüber zeigt. Vermehrte Angebote 
medienpädagogischer Professionalisierung allein werden ein medienpädagogisches 
Desiderat bei Lehrenden nicht beheben können. Angebote müssen so gestaltet sein, 
dass sie die Lehrenden entsprechend ihren medialen Habitusstrukturen ansprechen. 
So reagieren die Lehrenden auf die Angebote nicht mit Distinktionstendenzen, und 
die Gefahr, dass es zu einem „clash of habitus“ zwischen den teilnehmenden Lehren- 
den und den Lehrenden der Angebote kommt, kann verringert werden. Vor allem der 
Gruppe der Lehrenden, die ambivalente Tendenzen in ihrem medialen Habitus auf- 
zeigen, fehlt es häufig an Orientierung und Unterstützung, diese Unsicherheiten 
in der Gestaltung ihrer medienpädagogischen Professionalisierung zu überwinden. 
Medienpädagogische Professionalisierungsangebote können an dieser Stelle Refle- 
xionsmöglichkeiten bereitstellen, um diese Ambivalenzen aufzulösen und davon aus- 
gehend Orientierungen für eine weitere Auseinandersetzung mit medienpädago- 
gischen Inhalten bieten. Hier wäre es zielführend, Forschungs- und Entwicklungs- 
projekte in Zusammenarbeit von Forschung und Praxis zu entwickeln, um solche 
medienpädagogischen Professionalisierungsangebote zu entwickeln. 
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Zusammenfassung 


Im Zuge der Digitalisierung kommt der Bildungsberatung aufgrund ihrer Bezugsfel- 
der (Bildungs- und Beschäftigungssystem) und aufgrund der Tatsache, dass es sich 
um eine kommunikative Dienstleistung handelt, sowohl intermediäre Funktionen zu 
als auch wird sie selbst zum Gegenstand von Digitalisierungsprozessen. In dem Bei- 
trag werden Befunde eines laufenden Forschungsprojekts dargelegt, in dem auf Basis 
einer qualitativen Befragung von Expertinnen und Experten aus Wissenschaft und 
Praxis professionelle Anforderungen an Onlinebildungsberatungen ermittelt werden. 
Neben diesen Ergebnissen werden erste Ableitungen zur empirischen Erfassung von 
Onlinebildungsberatungskompetenzen zur Diskussion gestellt. 


Abstract 


In the process of digitization, education and career guidance - through its fields of 
reference (education system and labour market) and due to the fact that itis a commu- 
nicative service — has on the one hand intermediary functions and on the other hand 
itself becomes the subject of digitization processes. This paper presents the findings 
of an ongoing research project in which professional requirements for online educa- 
tion and career guidance are determined on the basis of qualitative interviews with 
experts from science and practice of guidance. In addition to the results, first ap- 
proaches to empirically assess online consulting competencies are presented for dis- 
cussion. 


1  Bildungsberatung im Kontext der Digitalisierung 


Lebensbegleitende Bildungs- und Berufsberatung soll Menschen dazu befähigen, 
„sich Aufschluss über ihre Fähigkeiten, Kompetenzen und Interessen zu verschaffen, 
Bildungs-, Ausbildungs- und Berufsentscheidungen zu treffen sowie ihren persön- 
lichen Werdegang bei der Ausbildung, im Beruf und in anderen Situationen, in denen 
diese Fähigkeiten und Kompetenzen erworben und/oder eingesetzt werden, selbst in 
die Hand zu nehmen“ (Europäische Union 2004, S.2). Bildungsberatung ist neben 


190 Online-Kompetenzen für die Bildungsberatung - Ergebnisse einer explorativen Studie 


der Lehre und Programmplanung eine zentrale Form adressatenbezogenen Handelns 
in der Erwachsenenbildung, die sich beginnend mit der Bildungsreform in den 
1970er-Jahren als unterstützendes Element des Lebenslangen Lernens etabliert hat 
(vgl. Mader 1999, S. 317). Mit Bildungsberatungen in der Erwachsenenbildung werden 
gesellschaftspolitische, organisationale und individuelle Ziele verknüpft. Erstere be- 
ziehen sich z.B. darauf, Zielgruppen zu erreichen, die unterrepräsentiert an Weiter- 
bildung teilnehmen. Außerdem soll Transparenz über die heterogenen Anbieter, 
Kursformen oder Finanzierungsmöglichkeiten der Erwachsenen-/Weiterbildung her- 
gestellt werden (vgl. Stanik 2015, S.13). Auf der organisationalen Ebene werden Bil- 
dungsberatungen z.B. von Weiterbildungseinrichtungen zur Öffentlichkeitsarbeit 
oder zur aktiven Bedarfsweckung genutzt (vgl. Tippelt 1997, S. 14). Auf der individuel- 
len Ebene können Bildungsberatungen dazu beitragen, dass Ratsuchende sich (beruf- 
lich) weiterentwickeln oder Informationen über Weiterbildungsmaßnahmen erhalten 
(vgl. Käpplinger 2010, S.33). Die Bedeutung der Bildungsberatung im Feld der Er- 
wachsenenbildung lässt sich auch daran ablesen, dass z.B. im Zuge der Lernenden 
Regionen sogenannte Regionale Qualifizierungszentren zur Professionalisierung der 
Bildungsberater:innen entstanden sind, sie Einzug in Qualifizierungsprofile der Er- 
wachsenenbildung gefunden hat (vgl. WBA 2019) und auch eigene Kompetenz- und 
Qualitätsmodelle für diesen Bereich entwickelt worden sind (vgl. Petersen et al. 2014). 

Digitale Medien durchdringen immer tiefer alle Lebensbereiche und werden von 
den meisten Gesellschaftsmitgliedern bereits als selbstverständliches Kommunika- 
tionsmittel genutzt (vgl. Beisch & Schäfer 2020). Vor dem Hintergrund der Prämisse, 
dass die Digitalisierung einen umfassenden gesellschaftlichen Transformationspro- 
zess in Gang gesetzt hat, kommt der Beratung in diesem Feld aufgrund der Bezugsfel- 
der Bildung, Berufund Beschäftigung eine „Gelenkstellfunktion“ (Mader 1999, S. 318) 
zu. So werden betriebliche Abläufe digitalisiert, wodurch neue Berufsbilder - jenseits 
dualer Ausbildungsordnungen - entstehen, und auch Bildungsangebote werden zu- 
nehmend digital angeboten. Die Digitalisierung modifiziert somit Gegenstände der 
Bildungsberatung, da Ratsuchende z. B. Informationen über neue Berufsbilder, digi- 
tale Kompetenzanforderungen oder Weiterbildungsmöglichkeiten benötigen. Zudem 
halten digitale Medien Einzug in Face-to-Face-Beratungen und dienen hier als Infor- 
mationsquellen im Beratungsprozess oder es wird Ratsuchenden gezeigt, wie Internet- 
datenbanken für selbstgesteuerte Recherche zu nutzen sind (vgl. Stanik 2015, S. 379). 

Aufgrund der Forderung, dass Beratung mehr zu sein habe als bloße Informa- 
tionsvermittlung (vgl. Schiersmann 2011, S.429) und pädagogische Beratung als eine 
„übergangsrelevante Praxisform“ (Bauer 2020, S.256) mit emanzipatorischen An- 
sprüchen entworfen wird, ist sie ein Angebot, das die (berufs-)biografischen Implika- 
tionen der Digitalisierung reflexiv zugänglich machen kann, damit sich Menschen 
nicht als ‚Spielbälle‘, sondern als handelnde Akteure der digitalen Transformation 
wahrnehmen (vgl. Stanik & Maier-Gutheil 2020). 

Zudem ist Beratung eine kommunikative Interventionsform und wird damit 
selbst zum Gegenstand von Digitalisierungsprozessen, da sie auch mithilfe digitaler 
Kommunikationsmedien prozessiert wird. So bieten im europäischen Kontext Be- 
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ratungsagenturen (z.B. in Österreich oder Dänemark), auf der nationalen Ebene 
kommunale Bildungsberatungsnetzwerke (z.B. in Baden-Württemberg oder Nieder- 
sachsen) und auch Bildungsberatungsstellen und Weiterbildungseinrichtungen zu- 
nehmend Onlinebildungsberatungen an. Trotz dieser skizzierten Entwicklungen fo- 
kussieren in der Erwachsenenbildung Prozessanalysen (z.B. Gieseke & Stimm 2016), 
Kompetenzprofile (vgl. Petersen etal. 2014) oder Modelle der Bildungsberatung (vgl. 
Cuvry etal. 2009) bislang noch ausschließlich Face-to-Face-Beratungen. Auch existie- 
ren im Unterschied zur psychosozialen Beratung keine Fortbildungskonzepte zur 
Professionalisierung der Onlinebildungsberatung. 

Die skizzierte Relevanz einerseits und die empirischen und theoretischen Desi- 
derate andererseits sind Ausgangspunkte eines laufenden Forschungsprojekts. Ziel 
des Projektes ist es, professionelle Anforderungen der Onlinebildungsberatung zu 
ermitteln, diese beschreibbar und messbar zu machen, um perspektivisch Angebote 
zur Professionalisierung zu entwickeln. 

Im vorliegenden Artikel gehen wir zunächst auf Formate und ausgewählte Stu- 
dienergebnisse ein, um die Notwendigkeit spezifischer Onlineberatungskompeten- 
zen zu begründen. Da die in der Literatur beschriebenen Anforderungen aus der psy- 
chosozialen Beratung stammen und die Digitalisierung dynamisch verläuft, werden 
im Anschluss Ergebnisse einer explorativen Expert:iinnenbefragung aus dem Jahr 
2020 dargelegt. Sowohl die in der Literatur als auch die von den Expert:innen be- 
schriebenen Anforderungen werden schließlich genutzt, um erste Ableitungen von 
methodischen Zugängen zur Erfassung von Onlinebildungsberatungskompetenzen 
zu treffen. 


2 _ Onlineberatung - Formate 


Auch wenn zunächst von der Onlineberatung gesprochen wurde, sind unterschied- 
liche Formate (Mail, [Video-]Chat, Foren) hinsichtlich ihrer zeitlichen Strukturierung 
(synchron, asynchron), ihrer Kommunikationsformen (schriftlich, mündlich) und 
ihrer Adressierungen (Einzelpersonen vs. Gruppen) zu differenzieren (vgl. Engel- 
hardt, 2018). Gemeinsam ist den Formaten, dass sie Beratung entweder zeitlich und/ 
oder örtlich dekontextualisieren, dabei helfen, Schwellenängste abzubauen und zu- 
gleich neue kommunikative oder medienkulturelle Zugangsbarrieren schaffen. So 
sind z.B. Mails für Ratsuchende niederschwellige orts- und zeitunabhängige Ange- 
bote, erfordern neben einem Internetzugang basale schriftsprachliche Kompetenzen 
sowie eine hinreichende Medienaffinität, um hierüber in komplexere Kommunika- 
tionsprozesse einzutreten. Wichtig ist es auch zu betonen, dass Mails, Chats und 
Videos nicht nur als Kommunikationstools für Beratungen zu betrachten sind, son- 
dern hierdurch neue sozio-technische Beratungssysteme entstehen, die Einflüsse auf 
Anlässe, Motive oder Regeln der Kommunikation im Allgemeinen und auf Bera- 
tungsinterventionen und -beziehungen und deren organisationale Strukturierung im 
Besonderen nehmen. So wird das Kommunikationsverhalten durch die jeweiligen 
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technischen Medienmerkmale, durch Präferenzen und Vertrautheit der Nutzer:innen 
mit den Medien, der vereinbarten Netiquetten und durch die jeweils geltenden Daten- 
schutzbestimmungen beeinflusst (vgl. Döring 2013, S.424). Sowohl vor diesem Hin- 
tergrund als auch aufgrund der Tatsache, dass die Herstellung von vertrauensvollen 
und persönlichen Beziehungen für Beratungen von hoher Bedeutung sind, können 
vorhandene Kompetenzmodelle der Face-to-Face-Bildungsberatung nicht einfach auf 
Onlineformate übertragen werden. 

Dass hier Bedarfe virulent werden, lässt sich exemplarisch anhand von vier Stu- 
dien aufzeigen: Eine Befragung von 333 systemisch ausgebildeten Beraterinnen und 
Beratern der psychosozialen Beratung zeigte, dass zwar 26% der Befragten Erfahrun- 
gen mit Onlineberatung sammeln konnten, sich jedoch nur knapp 13% aktiv mit dem 
Thema auseinandersetzen. Die Selbstwirksamkeitsüberzeugungen im Hinblick auf 
die eigenen Kompetenzen der Onlineberatung werden im Mittel hoch eingeschätzt, 
wobei Schwierigkeiten darin gesehen werden, Onlineberatungsprozesse zu struktu- 
rieren oder Ratsuchende auf Basis ihres Schreibverhaltens zu verstehen. Insgesamt 
verzeichnet die Studie hohe Standardabweichungen, wobei die Beschäftigung mit di- 
gitalen Medien, der Besuch von entsprechenden Weiterbildungen sowie eigene Erfah- 
rungen mit Onlineberatung Prädiktoren einer positiven Einschätzung der eigenen 
Onlineberatungskompetenzen sind. Knapp Dreiviertel der Befragten sehen zugleich 
Weiterbildungsbedarfe hinsichtlich der medialen Möglichkeiten ihrer Beratungen 
(vgl. Frangen 2020, S. 174ff.). In einer Studie, an der 383 schweizerischen Weiterbil- 
dungseinrichtungen teilnahmen, äußerten 34% der Einrichtungen einen hohen bis 
mittleren Weiterbildungsbedarf ihres Personals zu Fragen der Onlineberatung, da 
diese ihre Onlineberatungen (weiter) ausbauen wollen (vgl. Sgier et al. 2020, S.29). Im 
Rahmen des Adult Education Survey 2016 wurde erstmals neben der Teilnahme an 
Bildungsberatung auch danach gefragt, über welche Kanäle an dieser teilgenommen 
wurde (vgl. Käpplinger, Reuter & Bilger 2017, S. 262). Zwar ist der Anteil an Personen, 
die Beratungsangebote nutzen, in den letzten Erhebungen rückläufig und lag zuletzt 
bei 7 Prozent (vgl. BMBF 2019, S. 68). Dabei ist aber auch zu beobachten, dass bei den 
Teilnehmenden an Beratungsangeboten der Anteil der Nutzung an persönlichen Be- 
ratungsgesprächen vor Ort von 57% 2016 auf 4% 2018 sank und die Anteile an me- 
dial vermittelten Beratungsformen gestiegen ist (vgl. BMBF 2019, S.69; Käpplinger, 
Reuter & Bilger 2017, S. 262). 

In einer rekonstruktiven Analyse von 30 mailbasierten Weiterbildungsberatun- 
gen konnte zudem gezeigt werden, dass die Anliegen der Ratsuchenden häufig auf 
Informationsfragen reduziert oder diese zuweilen vorschnell aufgefordert werden, 
ihre Anliegen in einer Face-to-Face-Beratung zu bearbeiten (vgl. Stanik & Maier-Gut- 
heil 2018). 

Während digitale Anforderungen im Hinblick auf Weiterbildungsorganisationen 
diskutiert (vgl. Bernhard-Skala 2019) oder digitale Kompetenzen von Lehrenden der 
Erwachsenenbildung in den letzten Jahren modelliert (vgl. Bolten & Rott 2018) und 
gemessen werden konnten (vgl. Schmidt-Hertha etal. 2020), sind professionelle An- 
forderungen für Onlinebildungsberatungen eine empirische und theoretische Leer- 
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stelle. So beziehen sich Kompetenzmodelle der Bildungsberatung (vgl. Peterson etal. 
2014), empirisch validierte Kompetenzstrukturmodelle (vgl. Hertel 2009) oder Begleit- 
forschungen zur Kompetenzentwicklung von Studierenden (vgl. Bülow 2018; Wein- 
hardt & Kelava 2014) ausschließlich auf Face-to-Face Beratungen. 


3 _ Onlineberatung und Kompetenzanforderungen 


Im Feld der psychosozialen Onlineberatung unterscheiden Emanuel und Weinhardt 
(2019) zwischen selbst-, fall- und systembezogenen Onlineberatungskompetenzen. 
Selbstbezogene Kompetenzen umfassen u.a. eine reflexive Haltung sowohl gegen- 
über der eigenen als auch der adressatenbezogenen Mediennutzung sowie gegenüber 
der Einstellung zur Onlineberatung. Fallbezogene Kompetenzen werden hingegen 
zur Gestaltung der Onlineberatungskommunikation notwendig (vgl. Emanuel & 
Weinhardt 2019, S. 211ff.). Im Anschluss an das Curriculum des Hochschulzertifikats 
Onlineberatung der TU Nürnberg kann zwischen Kompetenzen der Onlinekommu- 
nikation im Allgemeinen und die der Onlineberatung im Besonderen unterschieden 
werden. Erstere beziehen sich auf Spezifika, Chancen und Grenzen sowie Fähigkeiten 
des bedarfsgerechten Einsatzes der Onlinekommunikation. Onlineberatungskompe- 
tenzen umfassen Wissen über die Übertagbarkeit von Face-to-Face-Beratungsansät- 
zen auf und Kenntnisse über theoretische Konzepte der Onlineberatung. Zudem wer- 
den Lese-/Schreibkompetenzen und Fähigkeiten zur Gestaltung von schriftsprach- 
lichen Onlineberatungsprozessen notwendig (vgl. Eichenberg & Kühne 2014, S. 196 ff.). 
Engelhardt (2018, S.73 ff.) differenziert im Rückgriff auf unterschiedliche Autorinnen 
und Autoren insbesondere für die schriftlichen Onlineberatungsformate (Mail, Chat, 
Forum) zwischen Grundhaltungen, Lesetechniken und Methoden zur Prozessgestal- 
tung. Die Grundhaltungen (Neugier, Neutralität, Empathie, Wertschätzung, Kongru- 
enz und Transparenz) sind vornehmlich systemischen/klientenzentrierten Bera- 
tungsätzen entlehnt und werden für die digitalen Formate adaptiert. So erfordere z.B. 
Neugier ein intensives Einlassen auf die schriftlichen Beiträge oder Empathie ein Er- 
fassen der ‚Zwischentöne‘ in den Texten. Transparenz könne dadurch hergestellt wer- 
den, dass Beratende ihr Vorgehen sowie die Grenzen ihrer Onlineberatungen explizit 
machen. Lesetechniken umfassen Fähigkeiten in hermeneutischen, phänomenologi- 
schen, psychoanalytischen Textzugängen, ein Wissen über Strukturierungsmodelle 
der schriftlichen Anfragen sowie ein Bewusstsein darüber, dass die eigenen Textrezep- 
tionen stets Konstruktionen sind. In Ergänzung dazu stellen sich in Forenberatungen 
insbesondere moderierende Anforderungen, die mithilfe von Gesprächs- und Frage- 
techniken zu bewältigen sind (ebd., S.77 ff.). Im Hinblick auf Videoberatungen wer- 
den von der Autorin technische und organisationsbezogene Voraussetzungen in den 
Fokus gerückt, wenngleich Beratende ein Bewusstsein dafür haben sollten, dass auch 
Videoberatungen ausschließlich kanalreduzierte Kommunikation ermögliche (vgl. 
ebd., S. 119). Für die Entscheidung, ob ein Anliegen als Face-to-Face-Beratung, als On- 
line- oder als Blendedformat zu prozessieren ist, wird ein Wissen über die Unter- 
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schiede der jeweiligen Formate mit ihren Vor- und Nachteilen als notwendig erachtet 
(vgl. ebd., S. 132). 

Die systembezogenen Kompetenzen beziehen sich auf die Gestaltung, Weiter- 
entwicklung der Onlineberatungsangebote, dem Beobachten und Reflektieren von di- 
gitalen Trends (vgl. Emanuel & Weinhardt 2019, S.212) sowie auf den technischen 
Umgang mit den Mail-, Chat- und Videoprogrammen (vgl. Eichenberg & Kühne 2014, 
S. 199). Außerdem lassen sich hierunter auch das Wissen über und die Fähigkeit zur 
Wahrung der jeweils geltenden Datenschutzbestimmungen fassen (vgl. Eichenberg & 
Kühne 2014, S. 199; Engelhard 2018, S. 155). 

Diese skizzierten Anforderungen werden im Folgenden mit Ergebnisse einer Ex- 
pertenbefragung aus Wissenschaft und Praxis der Onlinebildungsberatung ergänzt, 
erweitert und präzisiert. 


4 Perspektiven der Expertinnen und Experten auf 
Kompetenzanforderungen für Onlinebildungsberatungen 


Zur Ermittlung von weiteren Kompetenzanforderungen für das Feld der Onlinebil- 
dungsberatung wurden (telefonische) leitfadengestützte Interviews mit zehn Exper- 
tinnen und Experten geführt. Um sowohl Fach-, Prozess- als auch Deutungswissen zu 
berücksichtigen (vgl. Bogner & Menz 2005, S. 37 ff.), sind sowohl Bildungsberatende 
mit Erfahrung mit Onlineberatungsformaten (n = 5), Beratungswissenschaftler:innen 
(n=3) als auch Projektverantwortliche von Onlineberatungsportalen (n=2) befragt 
worden’: 

« 11: Studienberater mit Erfahrungen in Mail-, Chatberatungen 

e I2: Beratungswissenschaftler/Berufsberater mit dem Schwerpunkt Onlinebera- 
tung 
13: Beratungswissenschaftler mit dem Schwerpunkt Onlineberatung 
I4: Koordinatorin eines Online-Bildungsberatungsportals/Bildungsberaterin 
15: Berufs-, Studien-, Laufbahnberaterin mit Erfahrungen in Chat-, Videobera- 
tungen 
I6: Beratungswissenschaftler mit dem Schwerpunkt Onlineberatung 
17: Bildungsberater mit Erfahrungen in Mailberatung 
18: Bildungsberaterin mit Erfahrungen in Mail-, Chatberatungen 
19: Projektleiterin eines Onlinebildungsberatungsportals 
110: Bildungsberaterin mit Erfahrungen in Mailberatungen 


Den Befragten wurde die Expert:innenrolle zugeschrieben, da sie aufgrund ihrer (wis- 
senschaftlichen) Tätigkeiten über ‚privilegierte Informationszugänge‘ zu diesem (For- 
schungs-)Gegenstand verfügen. Den Expertinnen und Experten wurde insofern auf 


1 Wir bedanken uns bei Susanne van de Loo, die uns drei Interviews zur Verfügung gestellt hat, die sie im Rahmen ihrer 
Masterarbeit geführt und transkribiert hat. 
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‚Augenhöhe‘ in den Interviews begegnet, als das thematische Vorwissen der Inter- 
viewenden - insbesondere bei Rückfragen - eingeflossen ist (vgl. Pfadenhauer 2005, 
S.117). Die Leitfragen bezogen sich neben professionellen Anforderungen u. a. auf die 
Einflüsse der Digitalisierung auf die Bildungsberatung. Dabei wurde es den Expertin- 
nen und Experten überlassen, ob und auf welche digitalen Beratungsformate sie den 
Schwerpunkt legen, wobei auch Fragen zu organisationalen Anforderungen gelingen- 
der Onlineberatung gestellt worden sind. Die Daten sind mithilfe qualitativ-struktu- 
rierender Inhaltsanalyse ausgewertet worden, indem Kategorien sowohl anhand der 
Leitfäden deduktiv als auch mithilfe offener Codierprozesse am Material induktiv ge- 
bildet worden sind (vgl. Kuckartz 2016, S. 62 ff.). 

Von allen befragten Expertinnen und Experten konnten spezifische Onlinebera- 
tungsanforderungen genannt bzw. beschrieben werden, wenngleich Erfahrungen mit 
und Kompetenzen in Face-to-Face-Beratung als Grundlage für die Durchführung von 
Onlinebildungsberatungen erachtet werden. So sei Onlineberatung nicht etwas voll- 
kommen anderes, sondern „eher wie eine weitere Oktave auf dem Klavier, die man 
mitspielen muss, aber es bleibt eben Klavierspielen“ (13, #0:12:05#). Im Hinblick auf 
die professionelle Gestaltung von Online-Beratungsprozessen werden in der Folge 
formatübergreifende und formatspezifische Anforderungen unterschieden. 


41 _ Formatübergreifende Anforderungen 

Übereinstimmend wird von den Expertinnen und Experten als eine zentrale Anforde- 
rung die Offenheit und Bereitschaft der Beratenden gegenüber der Online-Beratung 
genannt. Hierfür bedarf es einer reflexiven Verständigung des eigenen Medienhan- 
delns und eines Verständnisses über Onlineberatung (vgl. I6, 12), um ein Bewusstsein 
dafür zu haben, dass Onlineberatungsformate keine Surrogate darstellen, sondern 
eigene Potenziale aufweisen (vgl. I1, I7). Gerade hinsichtlich eines zuvor zögerlichen 
Zuwendens zu Online-Beratungsformaten wird die Covid-19-Pandemie von den 
Expertinnen und Experten als Chance bzw. Treiber betrachtet (vgl. 13, I4, 15,16, 17, 
18, 110). Durch den sogenannten Lockdown im März 2020 waren Face-to-Face-Bera- 
tungen nicht mehr möglich. Darum wurden in vielen Einrichtungen Online-Bera- 
tungsangebote erstmals erprobt, was sonst aufgrund von Bedenken der Einrichtun- 
gen, vieler Berater:innen und ratsuchender Personen nicht möglich gewesen wäre 
(vgl. 15, 16, 17). 

Die Beratungswissenschaftler I3 und I6 heben hervor, dass auch ein Bewusstsein 
darüber vorhanden sein sollte, dass die Digitalisierung im Allgemeinen und die Digi- 
talisierung der (Bildungs-)Beratung im Besonderen ein nicht abschließbarer, explora- 
tiver Prozess sei. Dieser erfordere Neugier, technische Affinität und Bereitschaft der 
Nutzung der sich stets entwickelnden digitalen Kommunikationsmöglichkeiten (vgl. 
12, 13, 16, I8, 19). Dies mache eine selbstgesteuerte Auseinandersetzung mit den digi- 
talen Medien und den Mut eines spielerischen Umgangs mit neuen Tools notwendig 
(vgl. 13, I4, 18). Die in der Literatur beschriebene Anforderung, Grenzen von Online- 
Beratungsprozessen einzuschätzen und diese ggf. in Face-to-Face-Beratungen zu über- 
führen, wird durch die Interviews nicht bestätigt. So sollten Beratende die Medien- 
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wahl der Ratsuchenden akzeptieren (vgl. 14, I7, 18), um deren „Medienpräferenzen“ 
und „Medienmündigkeit“ anzuerkennen (16, #0:33:16#). Vor allem in schriftbasierten 
Formaten werde der Prozess stärker von den Ratsuchenden gesteuert, sodass Bera- 
tende es aushalten müssen, keine unmittelbaren Resonanzen zu erhalten (vgl. 14). 

Mehrere Expertinnen und Experten sprechen zudem an, dass Beratende die un- 
terschiedlichen Online-Formate ausprobieren müssten, um sich im Sinne der Selbst- 
wirksamkeit (vgl. Schwarzer & Jerusalem 2002) im Umgang mit diesen als kompetent 
wahrzunehmen (vgl. 12, 13, 16). Dabei wird auch Wissen über die Vor- und Nachteile 
der jeweiligen Formate relevant (vgl. 13, 14, 15, 16). Unabhängig vom Medium wird von 
allen Expertinnen und Experten beraterisches Wissen insbesondere zur Prozessstruk- 
turierung der Online-Beratungen als notwendig betrachtet. Dabei weist I7 darauf hin, 
dass man in schriftlichen Online-Beratungen dazu neige, sich auf informative Anlie- 
gen zu fokussieren, anstatt in Dialoge einzutreten. Hierbei werden insbesondere re- 
gelmäßige (kollegiale) Reflexionen bzw. Supervisionen als besonders wichtig erachtet 
(vgl. I4, 16, 17). In Bezug auf digitale Kommunikation sind Kenntnisse über Kanalre- 
duktionstheorien notwendig, um beispielweise zu wissen, wann Metakommunika- 
tion im Rahmen einer digitalen Kommunikation notwendig wird (vgl. 15). 

Für die Onlineberatung ist zudem eine routinierte technische Bedienung der ein- 
gesetzten Tools (vgl. 13, 16) bedeutsam, um Ratsuchende auch bei der Lösung techni- 
scher Probleme helfen zu können. Da synchrone, digitale Beratungstermine eine we- 
niger hohe Verbindlichkeit aufweisen als Präsenztermine, sollten Beratende spontan 
auf Terminverschiebungen und -absagen reagieren können (vgl. 14). Dies und die 
Möglichkeit, Expertinnen und Experten einzubinden, stelle neue Anforderungen an 
die Arbeitsorganisation und -koordination der Beratungstätigkeit dar (vgl. 13). 

Auffällig ist, dass ein Wissen über und die Wahrung des Datenschutzes von den 
befragten Bildungsberatenden nicht primär als ihre, sondern als organisationale An- 
forderung betrachtet wird. 


4.2 _Formatspezifische Anforderungen 

Neben formatübergreifenden werden auch formatspezifische Anforderungen ange- 
führt, wobei sich die meisten auf Mailberatungen beziehen. Dies lässt sich vermutlich 
darauf zurückführen, dass sich Chatformate in der Bildungsberatung (bisher) nicht 
durchgesetzt haben und Videoberatung als audiovisuelles, synchrones Format sich 
erst zukünftig etablieren könnte. 


Mailberatung 

Für kompetente Mailberatungen werden von drei Expertinnen und Experten zunächst 
notwendige Einstellungen/Haltungen genannt. So sollten Beratende die Verlangsa- 
mung der Prozesse aufgrund der Asynchronität und Schriftlichkeit als Chance sehen 
und ein Bewusstsein dafür entwickeln, nicht nur Antworten auf schriftliche Fragen zu 
geben, sondern auch Fragen zu stellen, Situationsbeschreibungen zu paraphrasieren, 
Emotionen zu spiegeln etc., um Reflexionsprozesse bei den Ratsuchenden anzuregen 
(vgl. 12, 14, 17). Weiterhin gelte es auch, umgangssprachliche, fehlerhafte Mails wert- 
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schätzend zu behandeln (I7) und es auszuhalten, dass Ratsuchende die Beratungen 
einseitig, auch ohne formale Abschlüsse, beenden oder abbrechen (vgl. 14, I7). Zur 
Gestaltung der Mailberatungen wird neben dem Wissen über Phasenmodelle der Be- 
ratung die Notwendigkeit professioneller Lese- und Schreibkompetenz genannt. Eine 
zentrale Fähigkeit für erstere sei es, „zwischen den Zeilen lesen zu können“, um ne- 
ben den explizit genannten auch implizite, latente Anliegen sowie die Situation der 
Ratsuchenden erfassen zu können (vgl. I1, 12, I4, I5). Bei den notwendigen Lesetech- 
niken (vgl. I2, I7) und Methoden der Textbearbeitung (vgl. 14) beziehen sich einige der 
Befragten ex- und implizit auf das Vier-Folien-Modell (vgl. Knatz & Dodier 2003). Das 
Modell ermögliche es, die durch die Mails ausgelösten Resonanzen zu reflektieren 
oder assoziative Zugänge zu den schriftlich dargelegten Anliegen zu erhalten (vgl. 11, 
I2, I4), um so den „impliziten Dimensionen des Textes auf die Spur zu kommen“ (14, 
#0:15:39#). Eine professionelle Schreibkompetenz zeige sich daran, verständlich (vgl. 
I4) und so eindeutig wie möglich (vgl. I1) zu formulieren. Um dies zu gewährleisten, 
sollten Beratende fähig sein, möglichst nahe an der Sprache bzw. am Duktus der Rat- 
suchenden zu bleiben (vgl. 14, 18). Dabei müsse man zugleich präzise (vgl. 11) bzw. 
pointiert (vgl. 18) formulieren und aus Perspektiven der Ratsuchenden die eigenen 
Texte rezipieren können (vgl. 14). Um tragfähige, schriftliche Beratungsbeziehungen 
aufzubauen (vgl. 14, 18, I7), sei eine Mischung aus förmlichem und informellem 
Schreibstil (vgl. 14) sowie Authentizität notwendig (18). Daneben umfasse eine profes- 
sionelle Schreibkompetenz auch die Fertigkeit, Texte inhaltlich und optisch zu struk- 
turieren (vgl. I2, I4, 18) sowie Methodenkenntnisse (Methoden des Kreativen Schrei- 
bens (vgl. 12), des inneren Dialogs (vgl. I4)). 


Chatberatung 

Wie für das Format Mailberatung sind aus Perspektive der Expertinnen und Experten 
auch für Chatberatungen professionelle Lese- und Schreibkompetenzen von zentraler 
Bedeutung (vgl. I1, 14, 15, I8) . Unterschiede zeigen sich in den Anforderungen im 
Umgang mit der schriftlichen Quasisynchronizität und mit den Zielgruppen, die mit 
diesem Format erreicht werden. Während von den Expertinnen und Experten bei der 
Mailberatung die Langsamkeit des Mediums hervorgehoben wird, stelle in Chatbera- 
tungen ein möglichst schnelles Reagieren der Beratenden auf der einen Seite (vgl. I1, 
18, 110) und Geduld beim Warten auf Antworten der Ratsuchenden auf der anderen 
Seite eine zentrale Anforderung dar („diese hohe Unterbrechungsrate von Chats mit- 
unter macht das schon ein bisschen schwierig“ (11 #0:25:01#)). In der Regel wünschen 
Ratsuchende in Chatberatungen eine direkte und schnelle Interaktion, sodass Bera- 
tende hierfür insbesondere eine rasche Auffassungsgabe benötigen sowie die Fähig- 
keit, schnell und dennoch präzise zu intervenieren. Dies wird insbesondere von den 
befragten Bildungsberatenden als Herausforderung beschrieben (vgl. 11, 18), da ge- 
rade für komplexe Anfragen meist Nachfragen und anschließend eine sequenzie- 
rende Antwort hilfreich sind, um Anliegen klären zu können (vgl. 15). Dies verlangt 
auch Fähigkeiten in der Prozess- bzw. Dialogsteuerung (vgl. 14) z.B. durch den Ein- 
satz von Metakommunikation (vgl. I1, 15). 
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Für Chat-Beratungen heben I4 und I5 zudem hervor, dass durch die Anonymität 
des Formats Zielgruppen erreicht werden, die andere Beratungsangebote nicht aufsu- 
chen. Hierfür sei ein wertschätzender Umgang und ein Kommunikationsstil nah an 
der Sprache der zumeist jüngeren Ratsuchenden von besonderer Bedeutung (vgl. I5). 
Der Studienberater I1 spricht zudem moderative Anforderungen bei der Gestaltung 
von Gruppenchats an, um Perspektiven der anderen Chatbeteiligten einbinden zu 
können. 


Videoberatung 

Während Mail- und Chatberatungen als schriftbasierte Formate ähnliche Anforderun- 
gen an Beratende stellen, scheinen Video-Beratungen auf den ersten Blick eher mit 
Face-to-Face-Beratungen vergleichbar zu sein. Die Expertinnen und Experten, die sich 
zu dem Format äußern, betonen jedoch, dass dies nicht zutreffe, da durch das Me- 
dium ebenfalls Wahrnehmungskanäle reduziert blieben und sich die Kommunika- 
tion anders als bei Face-to-Face-Beratungen vollziehe (vgl. 15, I7). Videoberatung sei 
daher eher mit Telefonberatung vergleichbar (vgl. 11). „Ich kann in der Onlinebera- 
tung per Video den Leuten nicht in die Augen schauen“ (I2 #0:51:16#). Ein Bewusst- 
sein über diese Unterschiede, kann daher als eine professionelle Voraussetzung be- 
trachtet werden. 

Weitere Anforderungen ergeben sich insbesondere aufgrund der sich durch die 
Videos bzw. durch die geteilten Bildschirme konstituierenden hybriden Beratungs- 
räume. Durch die Bildübertragung werden den Beratenden Einblicke in die Privat- 
sphären, Lebenswelten und Lebensstile ihrer Ratsuchenden gegeben, die bei der Be- 
ratung „helfen oder die [ihre] Neutralität beeinflussen“ (I5 #0:08:25#) können. Diese 
möglichen Auswirkungen auf das eigene beraterische Handeln gelte es sich stets 
bewusst zu machen (vgl. 15) bzw. als „optische Resonanzfolie“ (12 #0:50:02#) metho- 
disch zu reflektieren. Zudem können die Beratenden in diesem Format keine ge- 
schützten Räume für die Beratungsprozesse gewährleisten, da es zu Unterbrechun- 
gen komme und/oder man nicht wisse, ob Ratsuchende gerade ungestört und frei 
sprechen können (vgl. 15). Mit diesen Unsicherheiten gelte es, reflektiert und meta- 
kommunikativ umgehen zu können. 13 und I4 betonen, dass sich Video-Beratung 
gerade in Settings anbiete, in denen online mit den Ratsuchenden Dokumente ange- 
schaut werden. Wenn allerdings gemeinsam an einem Dokument gearbeitet werden 
soll oder man schnell etwas visualisieren möchte, stieße auch die Videoberatung an 
ihre Grenzen (vgl. 15). Gerade in diesem Format wird eine technische Problemlöse- 
und Improvisationskompetenz der Beratenden genannt, da hier noch besonders häu- 
fig technische Probleme auftreten, die schnell zu lösen sind (vgl. I1, 15). Dazu scheint 
bisher noch ein einfach zu bedienendes und nicht mit Funktionen überladenes Tool 
zu fehlen (13, 15). 
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5 Ableitungen für die Erfassung von 
Onlinebildungsberatungskompetenzen 


Sowohl die in der Literatur als auch in den Expert:inneninterviews beschriebenen 
Kompetenzanforderungen weisen formatübergreifende und -spezifische Anforderun- 
gen auf. Auffällig ist, dass die interviewten Expertinnen und Experten neben techni- 
schen Fähigkeiten und digital ausgestalteter Beratungskompetenz vor allem Haltun- 
gen und Einstellungen der Beratenden zur Online-Beratung betonen. Dies verweist 
auf ein kognitions- und handlungstheoretisches Kompetenzverständnis, das neben 
erlernbaren Fähigkeiten und Fertigkeiten auch motivationale, volitionale und soziale 
Aspekte als Teil einer Kompetenz beachtet (vgl. Weinert 2001, S. 27£.). 

Bisherige Ansätze der Erfassung von Beratungskompetenz fokussieren Face-to- 
Face-Beratungen und sind im Feld der psychosozialen Beratung (vgl. Weinhardt & 
Kelava 2016, Zürcher 2018) oder im Feld der Schule verortet. Bei Letzteren wird Bera- 
tung als Facette professioneller Kompetenz von Lehrkräften (vgl. Bruder etal. 2010, 
Kücholl et al. 2018) betrachtet. Die Methoden zur Erfassung von Beratungskompeten- 
zen reichen von Beobachtung in Simulationssettings (vgl. Weinhardt & Kelava 2016, 
Zürcher 2018), über Selbsteinschätzung, Fallszenarien und Wissenstests (Bruder et al. 
2010, Kücholl etal. 2018, Bülow 2018) bis hin zu angrenzenden Konstrukten, wie der 
Erfassung des Selbstkonzepts der Beratungskompetenz (vgl. Schwanzer & Frei 2014). 

Die Ergebnisse unserer explorativen Studie geben Hinweise darauf, dass sowohl 
formatübergreifende als auch formatspezifische Facetten von Onlinebildungsbera- 
tungskompetenz auf der Ebene von Haltungen, Wissen und Fertigkeiten zu differen- 
zieren und zu berücksichtigen sind. Hierzu wird es notwendig, Erhebungsinstru- 
mente zu entwickeln und zu adaptieren, die Elemente von Wissens- und Leistungs- 
tests mit Selbstbewertungen kombinieren, wie dies auch in anderen Bereichen der 
Erfassung von professioneller Handlungskompetenz vorgeschlagen wird (vgl. Rott & 
Schmidt-Hertha 2021). Um Online-Bildungsberatungskompetenz zu erfassen, müs- 
sen die hier dargelegten Anforderungen jedoch zunächst weiter systematisiert und als 
abgrenzbare Kompetenzfacetten beschrieben werden. Diese sind dann erneut im 
Austausch mit Expertinnen und Experten aus Wissenschaft und Praxis kommunikativ 
zu validieren. Die bereits vorhandenen Erhebungsinstrumente gilt es daraufhin noch- 
mals zu prüfen, ob sich zumindest Teile für die Erfassung der dann beschriebenen 
Kompetenzfacetten von Onlinebildungsberatungskompetenz adaptieren lassen. Da- 
bei scheint auch ein Blick in erwachsenenpädagogische Kompetenzbeschreibungen 
und -modelle hilfreich, da z.B. die im Rahmen der vorliegenden Studie beschriebe- 
nen Einstellungen und Haltungen Überschneidungen mit der medienbezogenen 
Feldkompetenz aufweisen, wie sie im Rahmen der medienpädagogischen Hand- 
lungskompetenz für Lehrende in der Erwachsenenbildung beschrieben wird (vgl. 
Schmidt-Hertha etal. 2020). Darüber hinaus ist bei der Erfassung von Online-Bil- 
dungsberatungskompetenzen darauf zu achten, dass diese umfassend als Kompeten- 
zen erfasst und nicht z.B. auf Selbstzuschreibungen reduziert werden (vgl. Frangen 
2020). Im Rahmen einer Studie zu medienpädagogischen Kompetenzen von Lehren- 
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den in der Erwachsenenbildung konnte z. B. gezeigt werden, dass Selbsteinschätzun- 
gen zwar das eigene Handeln der Lehrenden vorhersagen konnten, allerdings nicht 
dazu geeignet waren, Aussagen über die Qualität der Performanz zu geben (vgl. Bon- 
nes et al. 2020). 

Mittelfristig wird es u. E. notwendig sein, Onlinekompetenzen für Bildungsbera- 
tende in die bereits vorhandenen Kompetenzmodelle zu integrieren (vgl. z.B. Peter- 
sen etal. 2014). Beratende könnten mit deren Hilfe u.a. ihre Kompetenzen in der 
Onlinebildungsberatung reflektieren und Einrichtungen könnten systematisch ent- 
sprechende Weiterbildungsbedarfe identifizieren. Zudem können sie als Orientie- 
rung für die Entwicklung von entsprechenden Fortbildungsangeboten genutzt wer- 
den. 
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Zusammenfassung 


Der Beitrag beschäftigt sich mit der explorativen Erforschung von Bedeutungen, die 
das Personal in der medienpädagogischen Lehrkräftefort- und -weiterbildung den 
räumlich-zeitlichen Entgrenzungsprozessen von Arbeit und Privatheit im Kontext 
tiefgreifender Mediatisierung zuschreibt. Er greift dafür auf Auszüge aus zwei narrati- 
ven Interviews zurück, die mit der Objektiven Hermeneutik analysiert werden. Ab- 
schließend verortet der Text die Ergebnisse der Analyse im Diskurs um die medien- 
pädagogische Professionalisierung des Erwachsenen- und Weiterbildungspersonals. 


Abstract 


This paper intends an explorative investigation of meanings that are attributed by 
media pedagogical adult educators in further teacher education towards the dissolu- 
tion of boundaries between work and privacy in context of deep mediatization. It takes 
recourse to excerpts from two narrative interviews which are analyzed with the help of 
Objective Hermeneutics. In conclusion this text locates its analytical outcomes within 
the academic discourse unfold around media pedagogical professionalization of adult 
educators. 


1 Einleitung 


Es dürfte mittlerweile wohl kaum mehr bestritten werden, dass der digitale Wandel 
auch den Erwachsenen- und Weiterbildungssektor erfasst hat und somit Anforderun- 
gen an die medienpädagogische Professionalisierung des Weiterbildungspersonals 
stellt (vgl. Rohs 2019). Während bisherige Forschung sich in diesem Kontext insbeson- 
dere mit der Ebene des Lehrens und Lernens mit und über digitale Medien beschäf- 
tigt, rückt dieser Beitrag einen Aspekt auf der Organisationsebene in den Mittelpunkt: 
Im Folgenden wird es um die Bedeutung der räumlich-zeitlichen Entgrenzung von 
Arbeit und Privatheit im Kontext tiefgreifender Mediatisierung gehen. In anderen 
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Wissenschaftszweigen ist dieses Thema mittlerweile gut beforscht worden, in der 
Erwachsenen- und Weiterbildungswissenschaft bildet es bislang allerdings ein For- 
schungsdesiderat ab. Anhand der Analyse von Ausschnitten aus zwei narrativen Inter- 
views mit Mitarbeitern aus der medienpädagogischen Lehrkräftefort- und -weiterbil- 
dung, die schwerpunktmäßig mit organisatorischen Aufgaben betraut sind, bearbeitet 
dieser Beitrag die Frage, welche In-Verhältnis-Setzungen von Arbeit und Privatheit 
sich in der sozialen Praxis des Interviews wie dokumentieren und welche Bedeutun- 
gen die Interviewten den beschriebenen Entgrenzungsprozessen in diesem Zusam- 
menhang für das eigene Leben zuschreiben. 

Zur Beantwortung geht der Beitrag zunächst auf den Zusammenhang von tief- 
greifender Mediatisierung und der räumlich-zeitlichen Entgrenzung von Arbeit und 
Privatheit ein (2.) und liefert einen groben Abriss über den Forschungsstand zum 
Thema aus anderen Wissenschaftsdisziplinen. Danach verortet er das Thema im Dis- 
kurs um die medienpädagogische Professionalisierung des Erwachsenen- und Wei- 
terbildungspersonals, beschreibt die Zielgruppe und die Forschungsmethodik ge- 
nauer (3.) und legt die beiden exemplarischen Fallanalysen dar (4.). Zum Abschluss 
zieht er ein Fazit (5.) und ordnet die Ergebnisse ein. 


2 _ (Tiefgreifende) Mediatisierung und die räumlich-zeitliche 
Entgrenzung von Arbeit und Privatheit 


Mediatisierung meint einen übergeordneten Metaprozess, im Zuge dessen die kom- 
munikative Konstruktion der sozialen Welt parallel zu medientechnischen Entwick- 
lungen transformativen Veränderungen unterliegt (vgl. Krotz 2001). Heruntergebro- 
chen formuliert Krotz dazu: „Der Mediatisierungsansatz fragt kurz gesagt nach dem 
Wandel von Alltag, Kultur und Gesellschaft im Kontext des Wandels der Medien“ 
(Krotz 2017, S.24). Medien sind dem Ansatz nach als „technische Gegebenheiten“ 
(Krotz 2001, S.33) zu interpretieren, „über die bzw. mit denen Menschen kommuni- 
zieren“ (ebd.; ausführlicher etwa bei Krotz 2017, S.25£.). Die durch neue Errungen- 
schaften fortwährenden Wandlungen unterliegenden Technologien eröffnen den 
Menschen immer modernere und sich weiter ausdifferenzierende Möglichkeiten, die 
sie in ihre Kommunikationsroutinen einbinden und so die soziomediale Genese von 
‚Alltag, Kultur und Gesellschaft‘ (s.o.) auf allen Ebenen verändern. Der Medienwan- 
del auf technischer Ebene ist für die mediatisierungstheoretische Forschung also we- 
niger im Mittelpunkt des Interesses, er bildet vielmehr eine Kulisse ab, vor der sie sich 
mit den Veränderungen menschlicher Kommunikationspraktiken auseinandersetzt. 
Dabei hat Mediatisierung prinzipiell keinen Anfang; sie ist zudem niemals abge- 
schlossen und somit zukunftsoffen (vgl. Krotz 2017, S. 26 f.). 

Aktuell ist in diesem Kontext die Digitalisierung von Medien natürlich besonders 
im Fokus, Digitalisierungsprozesse haben mittlerweile wohl die sozio-mediale Her- 
stellung von so ziemlich jedem Gesellschaftsbestandteil in irgendeiner Weise erfasst. 
Die Mediatisierungsforschung zeigt in diesem Zusammenhang auf, dass digitale Me- 


Lukas Dehmel 207 


dien inzwischen als integrale Alltagsbestandteile gewertet werden müssen, was grob 
mit dem Begriff einer „tiefgreifenden Mediatisierung“ (Hepp 2016) umrissen wird. 
Hepp und Hasebrink formulieren im Zuge dessen fünf Entwicklungslinien, die mit 
einer tiefgreifenden Mediatisierung einhergehen, nämlich 1. eine zunehmende „Dif- 
ferenzierung“ von Medien, 2. eine steigende „Konnektivität“ der Individuen, 3. die 
„Omnipräsenz“ von Medien im Alltag, 4. eine hohe technische „Innovationsdichte“ und 
5. eine voranschreitende „Datafızierung“ (vgl. Hepp & Hasebrink 2017, S.335). Die 
umrissenen Entwicklungen haben natürlich auch Arbeitszusammenhänge und ihre 
sozio-mediale Konstruktion massiv verändert. Ein besonders zentraler Aspekt er- 
scheint im Zuge der Mobilwerdung von Mediengeräten, ihrer ‚Omnipräsenz‘ (s. o.) 
und der orts- und zeitunabhängigen Verfügbarkeit des Internets die zunehmende 
räumlich-zeitliche Entgrenzung der Arbeit und ein damit einhergehendes Erodieren 
der Trennlinie von Arbeit und Privatheit (vgl. Roth-Ebner 2015; Müller 2018). Arbeit ist 
in Zeiten tiefgreifender Mediatisierung nicht mehr länger an konkrete Orte und Zei- 
ten gekoppelt, prinzipiell kann überall und immer gearbeitet werden - insbesondere 
auch im Privaten zu Hause - und Arbeitnehmende sind potenziell überall und immer 
erreichbar (erhöhte ‚Konnektivität‘, s. o.). 

Wie bereits in der Einleitung aufgeführt, bleibt eine Erforschung dieses Themas 
in der Erwachsenen- und Weiterbildungswissenschaft bislang desiderabel, es lassen 
sich allerdings empirische Befunde aus anderen Wissenschaftsdisziplinen (insbeson- 
dere aus Kommunikationswissenschaft, Psychologie und Soziologie) heranziehen, 
die Licht ins Dunkel bringen können!'. Sie zeigen auf, dass Arbeitnehmende, die min- 
destens einen Teil ihrer Arbeitszeit zu Hause verbringen, tendenziell höhere Werte 
hinsichtlich ihrer Arbeitszufriedenheit aufweisen (vgl. Brenke 2016, S.103 f.), zudem 
wird dem Internet insgesamt eher positiver als negativer Einfluss auf die Ausbalancie- 
rung von Arbeit und Freizeit zugeschrieben (vgl. Wajcman et al. 2010, S.270). Andere 
Befunde sprechen aber dafür, dass die berufliche Nutzung von Informations- und 
Kommunikationstechnik in der Freizeit zur Wahrnehmung eines Konfliktgefühls 
zwischen beiden Sphären und zur Ansammlung von mehr Überstunden führen kann 
(vgl. Wright etal. 2014, S.521ff.; Brenke 2016, S.102; Hassler & Rau 2016, S. 32). Ein 
solches Konfliktgefühl tritt insbesondere dann auf, wenn von außen initiierte Kom- 
munikationsaufforderungen außerhalb der regulären Arbeitszeit an die Arbeitneh- 
menden herangetragen werden (vgl. Höge et al. 2014, S. 40). 

Mehrere Studien kommen außerdem zu dem Ergebnis, dass die räumlich-zeit- 
liche Entgrenzung von Arbeit und Privatheit maßgeblich durch das Smartphone und 
dessen Internetfähigkeit vorangetrieben wird (vgl. Müller 2018, S.226; Roth-Ebner 
2015, S.251ff.; Derks & Bakker 2014, S.430). Gerade durch dessen Omnipräsenz stei- 
gen die beruflichen Kommunikationserwartungen (vgl. ebd.). Befunde hinsichtlich 
der beruflichen Erreichbarkeit in der Freizeit verweisen auf die Beobachtung von ver- 
mehrten Familien- und Partnerschaftskonflikten (vgl. Müller 2018, S.227 ff.; Hassler 
& Rau 2016, S. 32). Zudem verzeichnen Arbeitnehmende deutlich erhöhte Werte hin- 
sichtlich ihrer mentalen Erschöpfung, die ihr Smartphone in der Freizeit für beruf- 


1 Eine umfangreiche Aufarbeitung des Forschungsstandes kann etwa bei Busch-Heizmann et al. 2018 gefunden werden. 
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liche Belange nutzen (vgl. Derks & Bakker 2014, S.430). Überraschenderweise gelangt 
eine weitere Studie desselben Arbeitskreises zu der Erkenntnis, dass diese Gruppe 
von Arbeitnehmenden das Verwischen der Grenze zwischen beiden Sphären aber kei- 
neswegs als Problem, als vielmehr als Chance für vermehrte Familienzeit interpretiert 
(vgl. Derks et al. 2016, S. 1059 £.). 

Insbesondere größer angelegte qualitative Studien zum Thema kommen unter 
anderem zu dem Ergebnis, dass es mittlerweile durchaus auch den Arbeitnehmen- 
dentypus gibt, der ganz bewusst nicht mehr zwischen einer beruflichen und einer 
privaten Sphäre unterscheidet und dessen Alltag vollkommen auf berufliche Belange 
ausgerichtet ist (vgl. von Streit 2011, S. 234 ff.; Roth-Ebner 2015, S. 247 ff.). Dies scheint 
allerdings nicht die Regel abzubilden. Gerade bei Arbeitnehmenden, die viel oder so- 
gar ausschließlich zu Hause arbeiten, zeigen sich im Alltag teils ausgeklügelte Strate- 
gien und die Etablierung von festen Abgrenzungsroutinen, um Arbeit und Privates 
voneinander getrennt zu halten und so mit der räumlich-zeitlichen Entgrenzung 
umzugehen (vgl. von Streit 2011, S.234ff.; Roth-Ebner 2015, S.247 ff.; Müller 2018, 
S. 228). 

Wie die herangezogenen Ergebnisse zeigen, ist das Phänomen räumlich-zeit- 
licher Entgrenzung von Arbeit und Privatheit mittlerweile gut belegt, die kommunika- 
tive Herstellung von Arbeitszusammenhängen erscheint den empirischen Befunden 
nach also hochgradig von tiefgreifender Mediatisierung durchzogen zu sein. Wie die 
Folgen dieser Entgrenzung bewertet werden, ist allerdings stark unterschiedlich. Dass 
die beschriebenen Entgrenzungsprozesse also auch für Angehörige des Erwachse- 
nen- und Weiterbildungssektors gültig sind, erscheint vor diesem Hintergrund somit 
recht naheliegend (vgl. Dehmel 2020, S.255). Daher soll es im Folgenden weniger 
darum gehen, ob sie auch für das Erwachsenen- und Weiterbildungspersonal relevant 
werden, sondern vielmehr wie. 


3 _ Verortung im Diskurs um medienpädagogische 
Professionalisierung, Zielgruppe und Methodik 


Das fokussierte Thema lässt sich im Diskurs um die medienpädagogische Professio- 
nalisierung des Erwachsenen- und Weiterbildungspersonals verorten, in dem neben 
der genauen Erforschung des Lehrens- und Lernens mit und über (digitale) Medien 
auch organisationale Veränderungen im Zuge von Digitalisierungs- bzw. den damit 
einhergehenden Mediatisierungsprozessen als äußerst relevante Themenfelder mar- 
kiert werden (vgl. Rohs 2019, S. 125). Der Begriff ist in der Erwachsenen- und Weiter- 
bildungswissenschaft bislang nicht eindeutig geklärt. Rohs und Bolten (vgl. 2017) 
schließen ihr Verständnis an einen Professionalisierungsbegriff nach Nittel und Selt- 
recht an, den dieser Text ebenfalls aufgreift. (Individuelle) Professionalisierung be- 
zeichnet demnach „einen an das konkrete Individuum gebundenen Ausbildungs- und 
Reifeprozess, der nicht zwingend an eine wissenschaftliche Ausbildung gebunden 
sein muss, aber dennoch zu einem Statuserwerb und zu einer pädagogisch-professio- 
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nellen Praxis sowie einem diesbezüglichen Selbstbild führt“ (Nittel & Seltrecht 2008, 
S.124). Daran anschließend markieren Rohs und Bolten für die Relevanz von medien- 
pädagogischer Professionalisierung den Medienwandel - oder vielmehr die mit ihm 
einhergehende Mediatisierung - als zentralen Faktor für die Veränderung des Feldes 
der Erwachsenen- und Weiterbildung, der Professionalisierung zu einem „stän- 
dige[n], berufsbegleitende[n] Prozess“ (Rohs & Bolten 2017, S. 14) werden lässt. In die- 
sem Kontext bezeichnen sie die Ausbildung medienpädagogischer Kompetenzen als 
unumgänglich (vgl. ebd.). Gerade ein reflexiver Umgang mit räumlich-zeitlichen Ent- 
grenzungsprozessen in Zeiten tiefgreifender Mediatisierung erscheint für die Ausbil- 
dung eines solchen professionellen pädagogischen Selbstverständnisses aufseiten des 
Erwachsenen- und Weiterbildungspersonals essenziell wichtig zu sein, um deren 
Chancen zur individuelleren Arbeitsgestaltung nutzen zu können und sich gleich- 
zeitig von den entgrenzten Kommunikationsanforderungen nicht übermannen zu 
lassen. 

Um die eingangs aufgeworfene Fragestellung zu bearbeiten, greift dieser Text auf 
Auszüge aus dem exmanenten Nachfrageteil von zwei narrativen (medienbiografi- 
schen) Interviews mit zwei Mitarbeitern aus der medienpädagogischen Fort- und Wei- 
terbildung für Lehrerinnen und Lehrer zurück?. Beide sind mit einem weitgefächer- 
ten Aufgabenspektrum betraut, das zwar auch Lehre umfasst, sie übernehmen in 
ihrem Alltag aber schwerpunktmäßig Organisations-, einer von ihnen auch Leitungs- 
aufgaben und sie sind darüber hinaus beide beratend tätig (siehe nähere Beschrei- 
bungen vor den Fallanalysen). Zudem sind beide ehemalige Lehrer und stehen in 
einem Beamtenverhältnis, was auch innerhalb des meist fest angestellten Erwachse- 
nen- und Weiterbildungspersonals in der Programmplanung, der Koordination und 
der Leitung eher eine Ausnahme abbildet (vgl. Autorengruppe wb-personalmonitor 
2016, S.75f.). Es handelt sich um Interviewauszüge mit Vertretern einer stark me- 
dienaffinen Zielgruppe innerhalb des Erwachsenen- und Weiterbildungssektors mit 
erhöhten Kommunikationsanforderungen in ihrer beruflichen Tätigkeit, was sie für 
das Thema dieses Beitrags besonders wertvoll erscheinen lässt. Natürlich kann das 
adressierte Phänomen in der Kürze eines solchen Textes nicht vollumfänglich unter 
die Lupe genommen werden, die folgende Untersuchung ist folglich als erste Explora- 
tion zu verstehen, die natürlich noch weiterer Forschung bedarf. 

Die Interviewauszüge werden im Folgenden mit der Objektiven Hermeneutik 
(vgl. Wernet 2009) ausgewertet. Auf den ersten Blick mag es befremdlich wirken, Aus- 
züge aus narrativen Interviews mithilfe dieser Methode zu interpretieren. Es soll aber 
weniger um die Rekonstruktion von Prozessstrukturen des Lebenslaufs gehen, son- 
dern vielmehr darum, welche latenten Sinnzusammenhänge innerhalb des zwischen 
Interviewer und Befragten ausgehandelten Regelsystems der sozialen Praxis des In- 
terviews wie zur Geltung kommen. Und genau dafür bietet sich die genannte Me- 


2 Die Interviews sind im erweiterten Kontext der Dissertationsstudie des Autors entstanden. Diese beschäftigt sich mit der 
biografischen Bewältigung von Anforderungen, die sich im Kontext von Mediatisierung und Individualisierung an die 
medienpädagogische Professionalisierung des Lehrpersonals in der medienpädagogischen Weiterbildung stellen. Eine 
genauere Beschreibung der Struktur der medienpädagogischen Erwachsenen- und Weiterbildung kann bei von Hippel 
2007, S.102 ff. gefunden werden. 
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thode unmittelbar an (vgl. ebd.). Für die obligatorische Fallbestimmung sei auf die in 
der Einleitung aufgeworfene Fragestellung dieses Beitrags verwiesen. 


4 Analyse? 


41  Fall1-— Herr Stefan Wagner 

Der erste Auszug stammt aus dem Interview mit Herrn Stefan Wagner“. Herr Wagner 
ist ehemaliger Gesamtschullehrer und Leiter des Fachbereichs „Lernen und digitaler 
Wandel“ an einem regionalen Institut für Lehrkräftefort- und -weiterbildung. Das In- 
stitut befindet sich in einer größeren Stadt und ist für die umliegenden Landkreise 
zuständig. Zu seinen Hauptaufgaben zählt die Koordination und Führung der Mitar- 
beitenden, die Beratung der kommunalen Bildungspolitik und von Einzelschulen 
bzw. deren Schulleitungen und Medienbeauftragten zur Entwicklung von Digitalisie- 
rungskonzepten, in deren Zusammenhang der Fachbereich neben seiner beratenden 
Funktion insbesondere auch Fort- und Weiterbildungen für Lehrkräfte sowie Schul- 
entwicklungstage für Schulkollegien konzipiert und anbietet. In diesem Kontext ist 
Herr Wagner auch selbst lehrend in der Weiterbildung tätig. Er ist zum Zeitpunkt des 
Interviews Mitte 40, ist verheiratet und hat zwei Söhne. Im Vorfeld des nun interpre- 
tierten Auszugs hatte Herr Wagner von einer „erhöhten Konnektivität“ im Zuge des 
Medienwandels gesprochen; der hier nun fokussierte Ausschnitt bildet die Antwort 
auf die Nachfrage des Interviewers ab, welche Bedeutung er dieser für sein Leben 
zuschreibt. 


SW: Hm. also es hat Auswirkungen ähm auf den Tagesablauf , das muss man schon 
sagen , ähm und ähm . die sind in Teilen so dass ich sage ähm , das ist gesund und 
das ist gut? 


In der ersten Sequenz („Hm . also es hat Auswirkungen ähm auf den Tagesablauf“) 
beschreibt Herr Wagner die erfragte Bedeutung erhöhter Konnektivität als aktuell 
noch relevanten Einflussfaktor auf die chronologische Abfolge täglicher Routinen 
oder Muster. Sinnlogisch muss es also zu Veränderungen oder zumindest zu einer 
Beeinflussung dieser Reihenfolge gekommen sein, die sich zum Zeitpunkt des Spre- 
chens noch immer in seinem Alltag niederschlägt („also es hat Auswirkungen“). Die 
in diesem Zusammenhang aufgegriffenen „Auswirkungen“ scheinen für den chrono- 
logischen Tagesverlauf keine rein positiven Effekte darzustellen, die anschließende 
Sequenz „das muss man schon sagen“ lässt die Lesart eines Eingeständnisses negati- 
ver Aspekte eines möglicherweise aber dennoch grundsätzlich positiv gelagerten 
Sachverhalts deutlich werden. 


3 Für die Zusammenarbeit zur Analyse der Interviewtexte in einer Interpretationsgruppe danke ich Frau Franziska Schloots 
und Herrn Hannes Wriedt ganz herzlich. 

4 Personen, Orte und Institutionen sind verfremdet. 

5  Symbolbedeutungen: ‚— kurzes Absetzen im Sprechen; .— ca. 1 Sek. Pause; Hall-- im Sprechen abgebrochenes Wort. 
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Anschließend folgt keine inhaltliche Beschreibung der zuvor erwähnten Auswir- 
kungen, sondern ihre Bewertung. Herr Wagner bringt die erfragte Relevanz erhöhter 
Konnektivität (durch digitale Medien) an dieser Interviewstelle in Zusammenhang 
mit einem Gesundheitsdiskurs, vor dessen Hintergrund er nun deren Bedeutung für 
das eigene Leben einordnet. Diese Einordnung fällt höchst ambivalent aus, Herr Wag- 
ner beurteilt die Auswirkungen auf die Abfolge täglicher Handlungsroutinen lediglich 
„in Teilen“ - sinnlogisch also weniger als zur Hälfte — als „gesund“ und „gut“, sodass 
deutlich wird, dass der Großteil der Folgen erhöhter Konnektivität von ihm eben nicht 
als gesund und erstrebenswert bewertet wird. 


SW: weil ich das bewusst so mache ja? zum Beispiel auf einem Mittwoch ähm , da ähm 
verlasse ich hier ganz bewusst sehr früh das Büro weil ich es eben auch kann , weil 
ich die Arbeit mitnehmen kann und alles und im Grunde genommen , ähm das ei- 
gentlich gar keiner mitkriegt , wenn er nicht gerade hier oben an der Tür klopft und 
guckt ob ich da bin , sondern ich bin voll arbeitsfähig 


Die benannten, „in Teilen“ positiven Auswirkungen setzt er hier in den Zusammen- 
hang mit einer „bewussten“ und somit informierten und reflektierten Entscheidung, 
die durch mobile Medien entgrenzte Konnektivität zuzulassen. Dies erörtert er nun 
an dem Beispiel, mittwochs „sehr früh“ das Büro zu verlassen. Der Verweis auf ein 
„Büro“ impliziert zunächst eine computerbezogene Arbeit, die im Gegensatz zu der 
von Herrn Wagner ebenso übernommenen Lehrtätigkeit (vielleicht abgesehen von 
Onlineseminaren) an keinen festen Ort gebunden sein muss. Es muss hier also um 
organisationale Aspekte seiner Arbeit gehen. Das Verlassen des eigenen Arbeitsplat- 
zes und das Ende der Arbeitszeit fallen so nicht mehr auf denselben Zeitpunkt und 
sind entgrenzt. Auf der latenten Sinnebene wird an dieser Stelle also ein wöchentlich 
erfolgender, also zwar regelmäßiger, aber partieller Bruch mit den innerhalb des Ar- 
beitsalltags sonst üblichen Routinen hinsichtlich der Kopplung der Arbeit an festste- 
hende Orte deutlich, für den er sich „bewusst“, also unter Abwägung der Folgen, ent- 
scheidet. 

Die folgenden Ausführungen lassen sich als Rechtfertigung für diesen partiellen 
Bruch lesen. Die von ihm beschriebenen organisationalen Aspekte seiner Arbeit sind 
offenbar wenig an persönlichen Kontakt mit anderen gebunden, was eine solche ‚Mit- 
nahme‘ überhaupt ermöglicht, ohne Einbußen hinsichtlich der Arbeitsfähigkeit hin- 
nehmen zu müssen. Auf der latenten Sinnebene legitimiert er sich hier vor dem Vor- 
urteil, im Homeoffice weniger produktiv zu arbeiten. Die Möglichkeit, einen solchen 
Bruch partiell vornehmen zu können, ergibt sich aus den geringen Überwachungs- 
und Kontrollmechanismen, denen er in seiner hierarchischen Position unterliegt. 


SW: und weilich da eben dann sozusagen gezielt mich um meine beiden Söhne zu Hause 
kümmere weil meine Frau arbeitet mittwochs , und damit die nicht so eine lange 
Alleinzeit haben , so und dann mache ich halt da zu Hause weiß ich nicht , Mittag 
irgendwie , wenn- die kommen ja auch erst , ist eine Ganztagsschule , Viertel nach 
drei oder so und dann arbeite ich weiter so ne? 
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Aus den nun folgenden Äußerungen lässt sich ein traditionelles Rollenbild herausle- 
sen, in dem Herr Wagner für den Einkommenserwerb des Haushalts zuständig ist 
und seine Frau zum Großteil für die Kindererziehung. Die Ausnahme bildet der zu- 
vor benannte Mittwoch, an dem die Rollenverteilung aufgrund der wöchentlichen Ar- 
beitstätigkeit seiner Frau vorübergehend getauscht werden muss. Diese notwendige 
Betreuung beschreibt er als „gezielten“ Prozess, es geht hier also explizit nicht um 
gemeinsam verbrachte Freizeit mit der Familie, sondern um die zeitlich möglichst 
effiziente Optimierung dieser Fürsorge, um die Arbeit nicht zu lange unterbrechen zu 
müssen und nicht zu lange unproduktiv zu sein. Diese Logik dokumentiert sich auch 
in der unsicheren Beschreibung der von ihm vorgenommenen Betreuungsleistung 
selbst („dann mache ich halt da zu Hause weiß ich nicht , Mittag irgendwie“ und „die 
kommen ja auch erst [...] Viertel nach drei oder so“). 

Zusammenfassend lässt sich in dem interpretierten Interviewauszug mit Herrn 
Wagner eine stark arbeitsgerichtete Haltung herauslesen, die das private Familienle- 
ben unter die Arbeit subordiniert. Die durch die Mobilwerdung von Medien ermög- 
lichte Entgrenzung von Arbeit und Privatheit wird hier nicht als Chance für mehr 
Familienzeit perspektiviert, für die die Arbeitskommunikation eine Bedrohung dar- 
stellen könnte. Ganz im Gegenteil bildet im vorliegenden Fall die in der Notwendig- 
keit der Kinderbetreuung begründete Verlagerung des Arbeitsortes ins Private zu 
Hause eine Bedrohung für die produktive Arbeitszeit ab. Die zu Beginn, wenn man so 
will, eingestandenen nur ‚in Teilen gesunden Auswirkungen auf den Tagesablauf‘ be- 
ziehen sich also weniger auf die Wahrnehmung einer bedrohten Privatzeit durch zeit- 
und ortsunabhängige Arbeitskommunikation, sondern vielmehr auf die Bedrohung 
einer produktiven Arbeitskraft durch die notwendige Betreuungsleistung zu Hause. 
Im Interviewtext dokumentiert sich so eine traditionelle räumliche Kopplung der Ar- 
beitsroutinen an einen festen Arbeitsort, die zwar regelmäßig, aber nur partiell aufge- 
brochen wird, um dieser notwendigen Betreuung nachzukommen. 


4.2  Fall2-— Herr Olaf Martens‘ 

Der zweite Auszug stammt aus dem Interview mit Herrn Olaf Martens’. Herr Mar- 
tens ist ehemaliger Gymnasiallehrer und pädagogischer Berater für den Bereich Digi- 
talisierung der Verwaltung einer Mittelstadt und in dieser Funktion für das Voran- 
bringen und die Unterstützung schulischer Digitalisierungsprozesse aus pädago- 
gisch-didaktischer Perspektive zuständig. In diesem Zusammenhang wirkt er in der 
Konzeptentwicklung der Stadt mit, führt an den Schulen Fort- und Weiterbildungs- 
veranstaltungen für Lehrkräfte durch, organisiert Fachtagungen für das Schulperso- 
nal, initiiert und koordiniert Pilotprojekte zum digitalen Lernen und bietet zudem 
offene Beratungszeiten an, in denen sich Lehrkräfte mit Fragen zum Lehren mit der 
etablierten IT-Infrastruktur in den Schulen der Stadt an ihn wenden können. Herr 


6 Dass dieser Beitrag den Fall eines zweiten männlichen Vertreters miteinbezieht, kann berechtigterweise kritisiert werden. 
Dieser Umstand begründet sich rein darin, dass im Datenkorpus kein Interview mit einer weiblichen Vertreterin zur 
Verfügung stand, die in ihrem Arbeitsalltag schwerpunktmäßig mit Aufgaben auf der organisationalen Ebene der 
medienpädagogischen Lehrkräftefort- und -weiterbildung betraut ist. 

7 Personen, Orte und Institutionen sind verfremdet. 
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Martens ist zum Zeitpunkt des Interviews Mitte 60, verheiratet, hat eine Tochter, 
einen Sohn und zwei Enkelkinder. Das Interview findet wenige Monate vor seiner 
Pensionierung statt. In der nun auszugsweisen Interpretation des Interviewtextes ant- 
wortet er auf die Frage, welche Bedeutung die durch Medien zeit- und ortsunabhängig 
mögliche Arbeit für sein Leben hat. Im Vorfeld hatte Herr Martens davon erzählt, 
auch in der Freizeit immer wieder seine Mails zu überprüfen, sie inzwischen aller- 
dings bewusst nur in wirklich ganz dringenden Fällen zu bearbeiten. 


OM: so hab ich dann auch versucht , ähm oder mich zunehmend äh , versucht mich zu 
disziplinieren , was äh Telefoneinsatz angeht 


Die erste Sequenz bringt zunächst die Bestrebung zum Ausdruck, einer sozial kon- 
struierten Norm hinsichtlich des „Telefoneinsatzes“ nachzueifern, die den bisherigen 
Handlungsroutinen widerstrebt. Auf den ersten Blick irritiert in diesem Zusammen- 
hang der verwendete Begriff „Telefoneinsatz“, insbesondere unter Einbezug des Wis- 
sens, dass Herr Martens zuvor von der Beobachtung seiner Mails gesprochen hat. Der 
Begriff beschreibt zunächst einmal eine zweckgerichtete Verwendung dieses media- 
len Artefakts, um mit anderen Menschen über eine größere Distanz sprachlich in 
Kontakt zu treten. Es erscheint aber äußerst wahrscheinlich, dass er nicht auf das 
klassische Festnetztelefon, sondern vor dem Hintergrund seiner mediengenerationa- 
len Erfahrungsräume (vgl. Schäffer 2003) auf das Smartphone und somit auf dessen 
erheblich erweitertes Möglichkeitsspektrum niedrigschwelliger Kontaktaufnahme 
verweist. 

Auf der latenten Sinnebene wird das Widerstreben gegen zeitlich entgrenzte Er- 
reichbarkeit deutlich. Der Selbstdisziplinierungsprozess bezieht sich in dieser Lesart 
auf die Verweigerung von Kommunikationsanfragen außerhalb festgeschriebener 
Zeiten. Herr Martens verweist allerdings auf einen in der Vergangenheit liegenden 
‚zunehmenden Versuch‘ hinsichtlich dieser Selbstdisziplinierung, sodass die Einhal- 
tung der auferlegten Kommunikationsnorm zum Zeitpunkt des Sprechens nicht 
gänzlich eingelöst wurde. 


OM: ähm das ist aber auch dadurch geprägt äh dass ich unter anderem für das Schul- 
Lernmanagementsystem der Stadtverwaltung? Support leiste 


Es erfolgt eine nähere inhaltliche Beschreibung der Problemstellung, die den Selbst- 
disziplinierungsprozess notwendig macht. Er legitimiert sich für die nicht vollum- 
fängliche Einhaltung der interpretierten Kommunikationsnorm. Die Problemstellung 
konstituiert sich neben anderen Anforderungen darin, dass er Hilfestellung sehr 
wahrscheinlich für Lehrkräfte in der Arbeit mit dem Schul-Lernmanagementsystem 
der Stadtverwaltung leistet und somit zeitnah für Anfragen erreichbar sein muss. Er 
rekurriert also auf einen beruflichen Kommunikationszusammenhang. Der Begriff 
„Support“ bringt einen auf Technik bzw. (digitale) Medien (siehe Definition in Ab- 


8 Im Interview benennt Herr Martens den Eigennamen des Lernmanagementsystems, dieser ist hier anonymisiert. 
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schnitt 2) ausgerichteten selbstgesteuerten Lernprozess der Hilfesuchenden zum 
Ausdruck, der bei auftretenden Schwierigkeiten durch Supportleistende unterstützt 
wird. Die Hilfesuchenden sind somit für die weitere Gestaltung ihres Lernprozesses 
vom Expertenwissen von Herrn Martens abhängig. Der nach wie vor auftretende 
Bruch mit den auferlegten Kommunikationsnormen hinsichtlich festgeschriebener 
Zeiten beruflicher Erreichbarkeit lässt sich somit auf der latenten Sinnebene mit dieser 
Verantwortungsübernahme für die Gestaltung solcher Lernprozesse in Zusammen- 
hang bringen, denen gegenüber er sich offenbar höchst verpflichtet fühlt. 


OM: und wenn meine Kollegen anfangen sich auf den Weg zu machen sich überreden 
lassen und neugierig geworden sind , und ähm jeder der das macht der landet spä- 
früher oder später vor ner Hürde , und ich wollte eigentlich dass die nicht vor der 
Hürde verzweifelt umdrehen sondern dass möglichst schnell die Hürde klein ge- 
macht wird , also , zeitnah Support leisten 


Im weiteren Verlauf des Interviewtextes vergemeinschaftet sich Herr Martens mit den 
von ihm in seiner Supportleistung adressierten Lehrkräften („meine Kollegen“), er 
positioniert sich somit auf Augenhöhe mit den bei ihm Hilfesuchenden und bezieht 
sich auf einen gemeinsamen beruflichen Erfahrungshorizont. In diesem Zusammen- 
hang verweist Herr Martens auf eine Skepsis oder gar Aversion („überreden lassen“) 
hinsichtlich der pädagogischen Arbeit mit digitalen Medien, die auch empirisch z. B. 
in der Forschung zum medialen Habitus von Lehrkräften (vgl. z.B. Kommer 2016) 
immer wieder herausgearbeitet worden ist. Ein in Ausnahmefällen dennoch aufkei- 
mendes Interesse charakterisiert er anschließend als äußerst fragil. Herr Martens 
kennzeichnet daher unmittelbar erfolgende Hilfe als unumgängliche logische Konse- 
quenz, um keinen Abbruch eines beginnenden Lernprozesses („anfangen sich auf 
den Weg zu machen“) zur pädagogischen Arbeit mit digitalen Medien zu riskieren. Er 
stellt sich hier vergemeinschaftend in den Dienst eines höheren pädagogischen Ziels, 
solche Verweigerungshaltungen anzugehen, um eine seiner latent zu Tage tretenden 
Werthaltung entsprechend besseren schulischen Bildung mit digitalen Medien realisie- 
ren zu können. 


OM: bei mir hieß das , innerhalb eines halben Tages musst du denen eine Antwort ge- 
geben haben , das führte bei mir sehr häufig dazu dass ich also auch abends sieben 
Uhr acht Uhr neun Uhr einfach mal reingeguckt habe 


Um dieses Ziel zu erreichen, berichtet er von einem zurückliegenden selbst auferleg- 
ten räumlich-zeitlichen Entgrenzungsprozess beruflicher Kommunikation, der sich 
mittels Mobilkommunikation (er verweist hier noch immer auf den „Ielefoneinsatz‘“) 
in seine Tagesroutinen einschreibt. Das Zulassen dieses Entgrenzungsprozesses lässt 
sich hier als eine Art Opfer im Sinne des höheren pädagogischen Ziels deuten. Ob- 
wohl er eingangs darauf verweist, mit dieser Verhaltensweise zu brechen, wird dies 
von ihm nicht völlig eingelöst. Auch in den gängigerweise für das Privatleben reser- 
vierten Abendstunden schaut Herr Martens regelmäßig aktiv nach, ob Anfragen ein- 
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gegangen sind, die unmittelbarer Bearbeitung bedürfen und somit die Privatzeit un- 
terbrechen. 

Zusammenfassend setzt sich Herr Martens mit beruflichen Kommunikations- 
normen hinsichtlich der Erreichbarkeit außerhalb der gängigen Arbeitszeit auseinan- 
der. Dabei kommt ein nicht gänzlich eingelöster Versuch zum Ausdruck, sich von 
Kommunikationsanfragen außerhalb der festgeschriebenen Arbeitszeiten abzugren- 
zen. Es lässt sich hier zwar keineswegs von einer umfänglichen Entgrenzung von Ar- 
beit und Privatheit sprechen, die Arbeit schleicht sich aber immer wieder durch die 
niedrigschwellige vermutlich via Smartphone mögliche Mobilkommunikation in die 
Privatzeit ein. Dieser ‚schleichende‘ Entgrenzungsprozess zwischen beiden Sphären 
konstituiert sich nicht durch Erwartungen des Arbeitgebers hinsichtlich der Arbeits- 
leistung, sondern durch die eigene Inpflichtnahme von Herrn Martens für ein höhe- 
res pädagogisches Ideal schulischer Bildung zur Integration digitaler Medien. Die In- 
kaufnahme des schleichenden Entgrenzungsprozesses erhält hier den Stellenwert 
eines in Kauf genommenen Opfers, um diesem Ziel (auch kurz vor der Pensionie- 
rung noch) nachzueifern. 


5 Fazit 


Dieser Beitrag hat sich mit der explorativen Untersuchung von Bedeutungen aus- 
einandergesetzt, die das Personal in der medienpädagogischen Lehrkräftefort- und 
-weiterbildung den räumlich-zeitlichen Entgrenzungsprozessen von Arbeit und Pri- 
vatheit im Kontext tiefgreifender Mediatisierung zuschreibt. Dafür hat er die Analyse 
von zwei Auszügen aus narrativen Interviews mit zwei Mitarbeitern aus diesem Be- 
reich dargelegt. Abschließend sollen die Befunde nun hinsichtlich ihrer Bedeutung 
für medienpädagogische Professionalisierung auf der Organisationsebene eingeord- 
net werden. Es geht hier also um die Ableitung von Thesen, wie sich die Interviewten 
mit ihrem professionellen pädagogischen Selbstverständnis im Kontext der fokussier- 
ten Entgrenzungsprozesse auseinandersetzen. 

In den beiden interpretierten Fällen wird ein bewusster Reflexionsprozess hin- 
sichtlich der Integration zeit- und ortsunabhängiger Arbeit in die Alltagsroutinen 
deutlich, der allerdings gänzlich verschieden perspektiviert wird. Im ersten Fall (Herr 
Wagner) wird sie als partiell notwendiger Bruch mit der traditionellen Bindung der 
Arbeit an ein Büro eingeordnet, um zu ausgewählten Zeiten die Betreuung der eige- 
nen Kinder zu gewährleisten. Anders, als es bisherige Forschung anderer Fachdiszi- 
plinen aber nahelegt (siehe Abschnitt 2), wird hier nicht die Omnipräsenz (mobiler) 
Medien im Zuge tiefgreifender Mediatisierung und die damit einhergehende ent- 
grenzte Erreichbarkeit für den Arbeitgeber als Bedrohung für die private Lebens- 
sphäre, sondern die notwendige Fürsorgeleistung als Bedrohung für die Arbeitspro- 
duktivität im Homeoffice markiert. Es geht also explizit nicht darum, die durch die 
Mobilwerdung von Kommunikationsmedien ermöglichte zeit- und ortsunabhängige 
Arbeit von zu Hause als Chance für mehr Familienzeit zu interpretieren, wie es vor- 
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hergehende Studien vermuten lassen. Die räumlich-zeitliche Entgrenzung von Arbeit 
und Privatheit wird in der Strukturlogik des Falls zur Herausforderung für die Auf- 
rechterhaltung einer stark auf die Arbeit fokussierten Werthaltung professionellen 
Handelns innerhalb des erwachsenenpädagogischen Arbeitszusammenhangs. Räum- 
lich-zeitlich entgrenzte Arbeit wird zwar „gezielt“ zugelassen, aber möglichst vermie- 
den, um dieses Ideal eines/einer produktiven Arbeitnehmenden nicht zu gefährden. 

Im zweiten Fall (Herr Martens) wird ein Reflexionsprozess hinsichtlich der be- 
wussten Abgrenzung von beruflichen Anfragen außerhalb festgeschriebener Zeiten 
deutlich. Wie insbesondere die qualitative Forschung aus Kommunikationswissen- 
schaft und Soziologie hervorhebt (siehe Abschnitt 2), steht also auch hier eine Strate- 
gie zur bewussten Trennung beider Lebenssphären im Vordergrund, die allerdings 
nicht gänzlich eingelöst wird. Für Herrn Martens lässt sich somit eine ‚schleichende‘ 
Entgrenzung von Arbeit und Privatheit im Kontext tiefgreifender Mediatisierung fest- 
halten. Zwar stimmt die vorgenommene Interpretation insofern mit 